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CHAPTER I 



INTRODUCTION AND REVIEW OF RELATED RESEARCH 



The problem of how to improve the effectiveness of instruction 
in our schools has always been a major topic of concern among teachers, 
parents and other persons in the field of education. It is generally 
agreed, both by educational theorists and practitioners, that there are 
a host of factors affecting the pupil’s learning performance. That is, 
the pupil’s level of achievement and the speed with which he learns 
depend upon the unifiue individufil characteristics that the pupil brings 
with him to the learning situation, the nature of the task to be learned, 
and the conditions under which uhe particular learning takes place. 

This recognition of the multiplicity of factors that influence 
the pupil’s learning performance, and the fact that there is a noticeable 
difference in pupils’ levels of achievement, as well as differences in 
the amount of time each pupil needs to achieve the learning objectives, 
have focused the emx)hasis on the importance of making p^’ovisions lor 
individual differences among pupils in our schools. The work on pro- 
grammed instruction and other plans for individualized insLiuction repre- 
sent some of the attempts made to meet this need l or individjifalization. 
Ttie essential goal of programs of this type is to permit each pupil Lu 
progress at his individu^il rate. In other words, they permit each pupil 
to progress through a learning seq^uence at a pace determined by his own 
work habits and by his ability to master the designated instructional, 
objectives . 
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Because of this chaioging trend in the instructional procedures 
and the emphasis on the individualization of instruction, methods of 
assessing pupil^s learning performance also are in need of modification. 

If school programs are to permit pupils to progress at individual rates, 
it is important to identify reliable procedur-es for measuring rate of 
learning and to investigate factors related to it. 

The multiplicity of factors that influence the pupil’s learning 
performance has been investigated in recent studies on "learning." 
According to Piaget ’s^ developmental theory and the findings from his 
intensive research studies on the cognitive development of children, the 
environmental background as "well as various personal factors are related 
to the child’s performance on learning tasks. In other words, both the 
maturation process and the learning process are basic to the child’s 
cognitive development. Maturation opens up possibilities for cognitive 
development but is not sufficient in itself to the actualization of these 
potentials . 

Piaget’s well-known formulation of the mental process is based 
on two adaptation processes of the learner j that of "assimilation and 
"accommodation." Assimilation describes the capabilicy of the child in 
handling new situations and new problems on the basis of what he has 
already learned; it is the process of the inner organization of informa- 
tion. Accommodation, on the other hand, describes the process of change 
through which the child becomes able to manage situations that are at 
first too difficult for him. This is the process throjgh which the child 



^Jean Piaget, The Origins of Intelligence in Children (New York: 
International lMiversitjT'^^ess7~"l9^3y^~' 
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modifies his existing patterns of learning behavior to conform to the 

1 

outer reality in the learning situation. 

Ibie child’s learning performance, according to Piaget’s cognitive 
theory then, is based upon the interplay between the child’s continuous 
mental development and the environmental factor that he encoiuiters. In 
other words, learning is a function of the interaction between those 
factors within the learner and those external factors in the learning 
environment . 

Many researchers have explored the relationship between hui»ian 

O 

abilities and success in different types of learning situati iS. Allison‘S- 
attempted to assess the relationship between achievement and human abil- 
ities and to explore the interrelationships among learning parameters and 
measures of human abilities in thirteen different learning situations. 

He concluded that learning is not a unitary trait or ability but involves 
sevei’al factors and is dependent upon the learning task, the content of 
the material, and the psychologj cal process of learning. 

Duncanson3 administered a battery of ability tests and learning 
tasks to 102 sixth-grade pupils. The learning tasks included concept for- 
mation, paired associations, and rote riieiaory tasks with verbal, numerical, 
and figural material. He factor analyzed the results of the ability tests 
to examine the contribution of each component to each person’s performance 
for that particular learning task. Duncanson was interested in determining 



^Alfred Baldwin, Theories of Child Development (New York: 

John Wiley and Sons, Inc., 1967) ^ PP* 177-17^* 

^R. B. Allison, "Learning Parameters and Human Abilities" 
(unpublished doctoral dissertation, Princeton University, June, i960). 

3j. P. Duncanson, "Learning and Measured Abilities," Jo7irnal of 
Educational Psychology, 57i 220-239, 19^6. 
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(l) the number of factors involved in learning a given task and (2) the 
importance or weight of each of the factors for a given individual# His 
research results also support the theory that not one hut a multitude of 
factors are related to learning performance. 

Other investigators have been concerned with the relative contri- 
bution of various measures in the prediction of success in classroom 
learning. The study of Guilford, Hoepener and Peterson^ on predicting 
achievement in ninth-grade mathematics suggests the multiplicity of factors 
that influence the pupil^s learning in school. They administered a battery 
of twenty-five factor tests and three standardized tests (the Diagnostic 
Aptitude Test, the California Test of Mental Maturity, and the Iowa Test 
of Basic Skills) to 600 subjects in the study. Using factor analysis, 
they concluded from the results that batteries of factor scores were better 
predictors of achievement in mathematics than the scores from the standard- 
ized tests. A composite of thirteen factor scores increased precision in 
prediction when added to each of the three standardized test combinations, 
such as a combination of the DAT-numerical and the Iowa scores, the DAT- 
numerical and the CTMM scores^ and so forth. 

Smith and i.is associates^ studied the relationship between academic 
success and some non- intellectual variables - using ll6 fifth and sixth 
grade students as their suijects# They found that these non- intellectual 

^J# P. Guilford, Rs.lph Hoepener, and Hugh Peterson, "Predicting 
Achievement in Ninth-Grade MathemaLics from Measures of Intellectual 
Aptitude Factors," Educational and Psychological Measurement , 25:659- 

682, 1965. 

^John T. Smith, Maxine D. Ruter, Frat^i’ M. Lackner and Donna S. 
Kwall, "Academic, Sociometric and Personality Variables in the Prediction 
of Elementary School Achievement, " Proceedings of the "J^th Amual Con - 
vention of American Psychological AssociationT 2:339-340, 19^7* 
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factors do contribute to the accuracy of predicting academic success. 

This finding was in agreement with Spies^ who concluded from his study 
that non- intellectual measures can be of value in combination with intel- 
lectual measures in predicting academic success. 

Whitman- studied "free recall learning" in the classroom situation 
and found, that level of achievement in classroom learning is a function 
of task, method of presentation arjd. practice variables. Most of the 
studies cited thus far, indicating that himnan learning is a f’unction of a 
variety of types of variables, have used some measure of level of achieve- 
ment as the criterion measure. However, other investigators have been 
concerned with the rate at which learning takes place and have studied 
factors related to rate. 

One of the classical studies was carried out by Lyon^ when he pre- 
sented the 7 lationship between amount to be learned and time to learn 
(rate of learning) by showing how length of time to learn increases as 
items are added. The results of lyon’s experiment on the time required 
to learn lists ith 'different numbers of nonsense syllables show that with 
small numbers of sya.lables the addition of a few more syllables makes a 
large difference in time per syllable, but with a large number the addition 
of the same number of items makes little difference in time to learn. 

Lyon also studied the amount of time that it took to memorize poetry; the 

^C. J, Spies, "Some Non- intellectual Predictors of Classroom 
Success," Technical Report No. 10, Office of Naval Research, Contract 
No. N R8 i 6 (1^4-) Naval Air Technical Training, 1966. 

^ James R. Whitman, "Classroom Learning as a Function of Task, 

Method of Presentation and Practice Variable." Proceedings of the 7^~th 
Annual Convention of the American Psychological Association. 2: 315-316, 

I9677 ^ ^ 

^D, 0. Lyon, Memory and the Learning Process (Baltimore, Lferlyand; 
Warwick and New York, 1917) • 
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results were similar to those he found with nonsense syllables. Although 
the material is much longer^ each syllable of the poetry took less time 
to memorize than each individual nonsense syllable. Therefore,; he con- 
cluded that the additional time per comparable item should be less for 
meaningful material than for some non-redundant material like random lists 
of nonsense syllables. This suggests that learning rate is a function of 

the type of material to be learned. 

Woodrow^ studied rate of learning through controlled escperiments 
in laboratory situations and concluded that there exists no general factor 
acting as the single determining condition of the rate of learning; espe- 
cially in learning situations where variety of learning behavior is required. 

Underwood^ listed the following series of factors as determiners 
of rate of learning: (l) Massed versus distributed practice; (2) Ty^e of 

material; which includes intra-list similarity and meaningfulness; and 
( 3 ) Aff activity; which includes such variables as knowledge of performance; 
whole versus part learning; active recitation; sense modality; and the 

3 

amount of material to be learned. However; among those factors; Underwood 
pointed out in his later work that according to available evidence; mean- 
ingfulness; intratask similarity; intertask similarity; active recitation 
versus passive study are the most important factors for verbal learning. 



^Herbert Woodrow; "Interrelations of Measures of Learning; " 

The Journal of Psychology; 10:i^-9-T2; 19^0. 

^B. J. Underwood; Esiperimental Psychology: An Introduction 

(New York: Appleton- Century- Crofts ; 19^9) ^ PP* 39y-^19* 

^B.J. Underwood; "Verbal Learning in the Education Processes;" 
ed. John P. Dececco; Educational Technology: Readings in Programmed 

Instruction (New Yorkl Holt Rinehart and Winston; 1964); pp. 56 - 67 . 
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The controlled experimental studies conducted by Woodrow and 
Underwood, cited above, both suggest that the rate of learning is a 
function of many factors intrinsic to the individual, to the learning 
task, and to the situation. Since these studies were conducted in re- 
stricted laboratory situations, the implications obtained from them can- 
not be regarded as conclusive evidence in explaining the factors that are 
related to classroom learning. It would seem to be essential that these 
same types of experiments be carried out in school situations so that 
results from the laboratory can be verified and information be gathered 
concerning the factors that are related to rate of classroom learning. 

The variable "rate of learning" however, cannot be appropriately 
studied in the typical school. Under conventional instructional proce- 
dures pupils are required to learn particular lessons in a given interval 
of time and everyone is expected to proceed at essentially the same pace. 
Under this procedure, possible individual differences in rate of progress 
are not permitted to operate. In other words, a pupil’s success or 
failure in school learning is judged in terms of the amount or the degree 
he has achieved when learning time is held constant. 

The relatively recent emphasis on programs with provisions for 
individual differences has resulted in a mmiber of procedures which per- 
mit pupils to proceed through a given set of learning tasks at individual 
rates. This emphasis has resulted in some attention being focused on the 
measurement of rate of learning. Under these individualized instructional 
plans, the level of mastery does not provide a valid indication of the in- 
dividual pupil’s learning ability, since each pupil is required to go 
through a set of learning experience until he demonstrates mastery of the 
task to be learned, and the required level of achievement for the partic- 
ular learning experience is the same for all students. Therefore, under 

o 
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these programs the pupil *s learning performance is measured through his 
rate of progress. The ra-e of learning, then, becomes a measure of the 
pupil *s achievement. 

Suppes^ studied differences in students* rate of 1 ’ning by- 
setting up a very rigidly controlled experiment in the classroom learning 
situation. Using forty first-grade pupils in his study, he found that in 
seven weeks of learning to solve mathematics problems, the fast child 
covered problems whereas the slow child covered only 2,200 problems. 

In another study of thirty-eight kindergarten children, he again found 
different rates. The fastest child performed the learning tasks in 19^ 
trials, while the slowest child needed 2,506 trials to learn the same 
tasks . 

Kalin^ conducted a research study with an experimental program in 
mathematics, using two groups of students in the fifth and the sixth grades. 
The results of the st-udy supported Suppes*^ conclusion that there is a 
difference between two groups (the experimental and the control groups) 
in terms of "time needed" to complete the learning task, with the experi- 
mental group requiring twenty percent less time to complete the work. 
Nicholas^ f o"und a significant difference on the post -test results among 



1 

Patrick Suppes, "Modern Learning Theory and the Elementary Gchool 
Curriculum," American Educational Research Journal , 1:79-9^^ 1964. 

^Robert Kalin, "Development and Eval-uation of a Programmed Text 
in an Advanced Mathematical Topic of Intellectually Superior Fifth and 
Sixth Grade Pupils" (unpublis’ied doctoral dissertation, Florida State 
University, 1^2) - 

^Suppes, op. cit . 

^Donald L. Nicholas, "Tlie Effect of Pacing Rate on the Efficiency 
of Learning Four Programmed Instructional lyhteria] " (unpublished doctoral 
dissertation, Indiana State University, 1967)'* 
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four treatment groups in learning programmed materials at different as- 
signed pacing rate. He concluded from his study that, the rate of learn- 
ing is related to the learner’s achievement. 

Several researchers have been interested in finding answers to 
the question, "What are the important factors that are associated with 
the pupil’s rate of learning?" Jensen^ investigated the learning ability 
of three groups of junior high school students grouped according to their 
mental abilities (Stanford Binet I.Q. scores were used). He developed an 
index of learning to indicate each student’s rate of progress, and found 
highly significant differences in the rate of progress among the groups, 
indicating that intelligence is related to pupil’s rate of learning. 

Glaser, Reynolds, and Fullick? studied the effects of programmed 
instruction under a variety of conditions with students in different 
grades. They found, in agreement with Jensen, that intelligence appears 
to be related to the rate at which each student works through the program. 

In another study, Gropper and Kress^ report results on the rela- 
tionship between pacing mode and performance. The e^jperimental results 
indicate that (l) there are variations in the rate at which the individu- 
als achieve the particular learning task, (?) when low ability students 
do work at a pace appropriate to their ability level, they are more likely 
to reach high achievement levels, and (3) fast workers appear to be capable 



Arthur Jensen, "Learning Ability in Retarded, Average, and Gifted 
Children," ed. John P. DeCecco, Educational Technology; Readings in Pro - 
grammed Instruction (New York: Holt, Rinehart and Winston, 1954), p. 375. 

%obert Glaser, James H. Reynolds, and ]Vfe,rgaret G. Fullick, 
Programmed Instruction in the Intact Classroom , Project No. 13^2, 
Cooperative Research, U. S. Office of Education, December, I963, p. 25. 

^George L. Gropx^er and Gerald C. Kress, "Individualizing Instruc- 
tion Through Pacing Procedures, " Audiovisual Communication Review, 
8:165-182, Spring 1965. 
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of tolerating fast fixed tempos; slov fixed tempos vould be even more in- 
efficient and ineffective for them. These findings suggest that vhen 
pupils are permitted to vork at their ovn pace^ and when learning programs 
are tailored to the needs of each learner, the learning perfomiance may 
become more efficient and effective. 

Carroll^ has developed a conceptual model of factors affecting 

success in school learning and the way they interact, Carroll included 

five major factors in his learning model. The factors are listed under 

two headings; (l) Deteminants of time needed for learning and (2) 

Determinants of time spent in learning. By combining these elements in 

his model, Carroll has developed a fonnula to express the degree of 

learning, in quasi -mathematical terms, that Degree of Learning = 

_ Time spent — Opportunity, Perseverance, Aptitude 

(Time needed- -Ability to Understand Instruction, Quality of 

Sjogren^ used the data obtained from the results of a learning 
experiment conducted by Sjogren and Khox^ to test Carroll *s model of 
school learning. The original purpose of the experiment conducted by 
Sjogren and Knox was -co test whether the imposition of different speeded 
conditions in a learning task interacted with age in affecting performance 
on the learning task. Three different sets of programmed materials were 
used in the experiment and two hundred and eight adults were selected as 
subjects. Through analyzing the data, Sjogren found that in all cases, 

^John B. Carroll, "A Model of School Learning, " Teachers College 
Record , 64:723-732, 1963. 

2 

Douglas D. Sjogren, “Achievement as a Itinction of Study Time, " 
American Educational Research Journal , 4:337-343^ 19^7« 

^Douglas D, Sjogren and Alan B, Knox, “The Influence of ^eed and 
Prior Knowledge and Experience on Adult Learning, " Cooperative Research 
Project No. 2233^ S. Office of Education, University of Nebraska, 1965* 
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the linear relationship between the ratio (time spent and time needed) 
and the degree of learning (as indicat-jd hy achievement test scores) was 
statistically significant. He found that approximately 15 to 25 percent 
of the variance in the achievement test score was explained hy this 
ratio. Therefore, Sjogren concluded that the results of the study do 
support Carroll’s mod.el in that a measure of degree of learning (an 
assessment of student’s achievement) was significantly related to the 
ratio of time taken to time needed for the study of the programmed 
materials . 

Yeager and Lindvall^ have reported on three possible measures of 
the rate of learning under a program of individually prescribed instruc- 
tion. They concluded that the rates of learning are not consistent for 
individual students over various units of classroom lesson material but 
are specific to the learning task. This conclusion is in agreement with 
Carroll's learning model, which suggests the complexity in studying the 
problem of "learning” and the factors that are related to pupil’s learn- 
ing perfonnance. 

A rather intensive study of rate of learning in a school situation 
was conducted by Yeager.^ He studied the pupil’s rate of learning under a 
program of individualized instruction in a public school system. Yeager 
investigated three measures of learning rate in terms of the consistency 
of each measure and. the relationship of each to student intelligence and 



^John L. Yeager and C. M. Lindvall, "An Exploratory Investigation 
of Selected Measures of Hate of Learning, " Journal of Experimental Educa - 
tion, 3^(2 )j 7S"S1# Winter 1967* 

^John L. Yeager, "Measures of Learning Rates for Elementary School 
Students in Lfethematics and Reading under a Program of Individually Pre- 
scribed Instruction" (unpublished doctoral dissertation. University of 
Pittsburgh, 1^6) . 
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level of reading achievement. Ihe investigator concluded that (.1) there 
is a lack of consistency in the three rate measures and that (2) they do 
not correlate highly -with the pupil* s intelligence and the level of his 
reading achievement. These results may be attributable to the unreli- 
ability of the rate measiores used. Yeager suggests that a composite 
measure of pupil’s rate of learning may perhaps provide a more effective 
way of studying the factors that are associated with this variable and 
that a more meaningful and useful result may be obtained from this com- 
bination. Ihis conclusion also suggests the applicability of the pro- 
posal of Hotelling:^ "When it is desirable to predict the non-measurable 
variable by means of a second set of observable quantities, ... no 
single regression equation can provide a fully adequate solution. " He 
pointed out further that any combination of criteria may be used as the 
dependent variate in a regression equation and that generally not one, 
but several regression equations must be used to give a proper picture. 

From the results of the various research studies on "learning" in 
general and on "rate of learning" in particular, one can draw the follow- 
ing conclusions: 

1. There are substantial differences in level of achievement 
and in learning rates among pupils in school learning situations, as 
well as under experimental laboratory conditions. (Suppes, Bolvin, Kalin, 
Nicholas, and Yeager) 

2. These individual differences are a function of the character- 
istics of the learner and many other variables that are closely related 
to the learning task and the learning environment. (Piaget, Spies, 
Whitman, Smith, Allison, Guilford, Carroll, and Sjogren) 

%. Hotelling, "The Most Predictable : Criterion, Journal of 
Educational Psychology , 26:13^-1^2, 1935 
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3» Although some studies indicate that rate of learning is re- 
lated to typical aptitude measures (Jensen, Glaser and others, and Gropper 
and associated), investigations carried out in less controlled classroom 
situations indicate that rate is not consistent over various units of 
materials nor does it have any simple relationship to measures of aptitude, 
(Yeager) 

These later results suggest several possible reasons why rate has 
not been found to be consistent, and why factors related to it, or that 
can predict it, have not been clearly identified. 

1. The unreliable criterion measures (rate measures) used by the 
researchers resulted in inconsistent correlations. 

2. The "incompleteness^' of the criterion measure resulted in an 
invalid criterion measure. A £ gie rate measure may cover only one di- 
mension of the'pupi7’s rate of learning and therefore, provide only a 
partial criterion measure. Since other dimensions of the rate of learning 
may have been left out, no comprehensive results can be obtained from these 
research studies. 

3* The difficulties in identifying and obtaining measures of those 
personal characteristics of the individual learner as well as those situa- 
tion factors that are relevant to the pupil’s learning performance resulted 
in attempts to oversimplify the analysis of the determiners of rate. Many 
variables that are experimentally controllable in the learning laboratories 
must be accounted, for by statistical procedures in studying rate in the 
classroom learning situation. 

The lack of clarification of the nature and the operation of the 
pupil’s learning rate is apparent in the research studies cited, hence, 
suggest the need for further research in this area. The present study 
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endeavored to overcome some of the weaknesses of earlier studies through 
careful attention to the following eps: (l) Identification of a rather 

comprehensive and more meaningful rate measure, or measures, in evaluating 
pupil’s learning performance; (2) Specification of the independent pre- 
dictors that are associated with the rate measures; ( 3 ) Determination of 
the relative contributions made by each of these predictors to the predic- 
tion of the criterion measure — the rate measures; and ( 4 ) Identification 
of the interrelationships among the predictors — factors that are associated 
with learning rate. 




CHAPm II 



PROBLEM A?JD HYPOTHESES 

This study is concerned with the problem of identifying a useful 
and comprehensive measure of "rate of learning" in individualized class- 
room learning situations. To do this, it will investigate certain single 
measure of rate, each of which measures some aspect of the variable, as 
well as a composite measure, which should provide a more complete measure 
of a pupil^s rate. The predictability of the rate measures, singly and 
combined, will then be examined. 

This research will ?>lso examine a number of variables that are 
hypothesized as being ralated to rate. These variables may be useful as 
predictors of rate or, in some cases, they may have to be partialed out 
if a meaningful rate measure is to be obtained. 

Statement of the Problem 

The research question to be answered through this proposed research 
is: VJhat is the most useful measure of "rate of learning" in Individually 

Prescribed Instruction classrooms in terms of the comprehensiveness of 

the rate measure and its predictability from selected student character- 
istics? 

Specific Problems 

1. \Jhat is the correlation between certain single measures of 
"rate of learning" for students in E-Level units of the IPI mathematics 
curriciaum and such predictors as verbal and non-verbal I.Q., mathematics 
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achievement score, reading achievement score, total number of slrills mas- 
tered during the previous school year, student *s attention score, mental 
age, and pupil *£• reaction to the learning activities and materials? 

2 . What is the correlation betveen a composite rate measure (made 
up of the best combination of single rate measures) and such predictors as 
verbal and non-verbal I.Q., mathematics achievement score, reading achieve- 
ment score, total number of skills mastered during the previous school year, 
student *s attention score, student *s reaction to learning activities and 
materials, and the mental age of the student? 

3. What is the relative contribution of each of these selected 
predictors to the prediction of each rate measure? 

•+. What is the correlation between the best linear combination 
of the predictors and a linear composite of the rate measures? 

5. How are the variables identified in Carroll *3 learning model 
involved in the measurement and the prediction of "rate of learning?" 

Boothes es 

The foregoing questions, based on results from previous studies 
reviewed in Chapter I and, most specifically, on the work of Yeager^ in 
investigating rate of learning in IPI, will be studied by testing the 
following hypotheses. 

Hypothesis I: Ttitre will be no significant relationship between any 

one single predic-f or and a single rate measure. 



John L. Yeager , Measures of Learnxng Rates for Elementary School 
Students in Mathematics and Reading Under a Program of Individually Pre- 
scribed Instruction" (unpublished doctoral dissertation. Universitv of 
Pittsburgh, 1966). 
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J-Jypothesis II: 



Bypothesis III: 



Hypothesis IV: 



Hypothesis V; 



The predictability of each of the rate measures will in- 
crease when all the predictors are included in the re- 
gression equation. 

There will be no significant relationship between a 
composite of the rate measure and one single predidtor. 
The power of prediction of the rate measure will increase 
when a composite of the single rate measures is used in 
the regression equation together with a composite of the 
selected predictors. 

Combining four learning rates as a criterion variable 
results in a more valid' measure than using a single 



rate measure. 

Hypothesis VI: The predictor variables selected in our research study 

for predicting pupil’s rate of learning are equivalent to 
factors identified in the elements of the conceptual 
learning model that Carroll has developed to express 
degree of learning. 



Definition of Terms 

1. Individually Prescribed Instruction ; Individually Prescribed 
Instruction (iPl) is a method of instruction that permits the 
assignment of new learning experiences based on the student’s entering 
behavior and provides a structure that enables a student to progress at 
a rate commensurate with his ability. The basic design of this procedure 
is to provide an effective and workable plan for individual differences 
among students.! 



IC. M. Lindvall and Robert Glaser, ’’The Role of Evaluation in 
Individually Prescribed Instruction” (paper presented at the 15th Annual 
Conference of Directors of State Testing Programs “at Princeton, N. J. , 
October 31, 1965). 
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2 . IPI Mathematics Curricul'um Sequerxce ; The IPI mathematics 
curriculuim is organized in terms of topic areas and levels of complexity. 
As can he seen from the chart helov^ the levels currently extend from 
level A through I and cover such topics as xi-auieration, place value^ 
addition, subtraction, and so on, A given topic at one level, such as 
D-Numeration, is known as a unit. Each unit, in turn, is made up of 
several related skills, varying in number from unit to unit.^ For this 
study, pupil performance in six units at level E served as the focus for 
investigation, 

IPI MATHEMATICS CURRICULUM 



Topics 



Levels 

ABCDEFGIil 



Numeration 
Place Value 
Addition 
Subtraction 
Mult ip li cat ion 
Division 

Combination of Processes 

Fractions 

Money 

Time 

Sys ' ems of Measurement 

Geometry 

Special Topics 



C, M, Lindval.l. and Richard Cox, "A Rationale and Plan for the 
Evaluation of the Individually Prescribed Instruction Project" (paper 
presented at the American Educational Research Association Convention, 
New York, February 1967} • 
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3. Criterion Variable: Four rate measures are used as the 

♦ 

criterion set of variables for this study. The rate measures are: 

Rate^ = IQO-pretest scores : Raoe^_ indicates the points 

Lays worked on the unit 

the pupil has earned per 
day. The larger the quo- 
tient the faster the pupil 
learns . 



Rate2- = Number of pages worked : Rate^ indicates the number 

Days worked on the unit 



of pages the pupil has worked 
per day. The larger the quo- 
tient the faster the pupil 
learns . 

Rate^ = Number of skills learned : Rate^ indicates the number 

Days spent on the unit 

of skills the pupil has mas- 
tered per day. The larger 
the quotient, the faster the 
pupil learns. 

Rateij^ = Total number of skills the pupil has worked between 
September 19^7 and January 1968. 

4. Predictor Variable : Selected measures of student character- 

istics are used as variables in the predictor set. 

Verbal and non-verbal I.Q. : As measured by the Lorge- 

Tliorndike Intelligence Test. 

Mental Age: As measured by the Lorge- Thorndike Intelligence 

Test. 

Mathematics and Reading Achievement: As measured by the 




Stanford Achievement Test. 
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Total nijinler of skills worked din’ing the previous school year. 

Attention: Scores obtained through direct observations in 

the classroom. 

Pupil’s reaction to the learning activities: Obtained through 

a questionnaire prepared for this 
purpose . ( Ques tion;j ) 

Pupil’s reaction to the learning materials: Obtained through 

a questionnaire prepared for this 
purpose. (Question^) 



CHAPTER III 



RESEARCH DESIGN 



The Setting for the Study 

To investigate problems in the measurement of rate of learning and 
identify factors that are associated with differences in rate, it is neces- 
sary to work in situations where variations in rate actually exist. For 
this reason, schools in which Individually Prescribed Instruction is used 
offer a useful field laboratory .‘or this type of research. Oakleaf and 
McAnnulty Elementary Schools in the Baldwin-Whitehall School District, 
both of which employ the IPI procedure, were used in this study. 

The IPI procedure is a program designed to achieve a certain type 
of individualized instruction in Grades K through six in the subject areas 
of reading, arithmetic, and science. Its basic elements included (l) 
detailed sequences of behavioral objectives which define the abilities 
that each pupil is to acquire, (2) study materials, that are largely self- 
instructional in nature, to teach each objective, ( 3 ) a testing program 
lor placing each pupil at the proper point in the curriculum sequence and 
for monitoring his progress, and (k) classroom management procedures that 
permit each pupil to proceed at a rate best suited to his needs. In math- 
ematics, the curriculum is organized in terms of topics (numeration, place 
value, addition, subtraction, multiplication, division, combination of pro- 
cesses, fractions, money, time, system of measurement, geometi-y and special 
topics) and leveJ.s (A, B, C, D, E, F, G, II, and l) . This means that a pupil will 
typically work through the series of topics at one level before moving on 
to the next. The work in a given topic at a given level, such as Level E- 

Numeration or Level C-Addition, is identified as a unit and is defined on 

o 
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the "basis of a certain number of objectives and the study materials 
developed to enable the pupil to master these objectives. 

The IPI procedure also makes rather detailed provisions for 
diagnosis of pupil skills and abilities, and for continous monitoring of 
pupil progress. A series of tests were constructed specifically for this 
piurpose.^ 

1 . Placement tests ; These tests are given to the students at the 
beginning of the school year. Ihe placement tests provide information 
essential to the proper placement of each pupil at the appropriate level 
of the curriculum sequence. 

Pretests : Pretests provide exact information concerning the 

pupil’s command of any material in the level, and they serve as a basis for 
developing his prescription describing what materials he needs to study. 

3 . Curriculum- embedded tests ; A student takes these tests when he 
completes his study of each objective. These tests are basic instruments 
for use in determining when a pupil is ready to move on to a. new objective. 
They are also essential for preparing prescriptions. 

h. Unit post- tests ; These tests are given when a pupil has 
completed work in a unit. This provides an overall survey of his command 
of the unit and is the basis for deciding whether he needs more work in 
it or is ready to go to the next imit. 

For the most part, the curriculum materials are self-study mate- 
rials, that is, materials with which a pupil can work by himself with a 



^C. M. Lindvall and Robert Glaser, "The Role of Evaluation in 
Individually Prescribed Instruction" (paper presented at the 15 th Annual 
Conference of Directors of State Testing Programs at Princeton, N, J. , 
October 31^ 1965) • 
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minlmuiu of assistance from the teacher. Hovever^ the plan also involves 
some small and large group instruction as well as ind: idual instruction 
by a teacher. (For detailed description of IPI see Yeager’s dissertation.!) 

Research Population 

Because of the amount of time needed to obtain all of the obser 
vation data needed for the present study, it was necessary to limit it 
to a certain number of units in the curriculum rather than to attempt 
to study all units and all pupils. The research population of this study 
consisted of the students from Oakleaf and McAnnultv Schools, who worked 
on the following units of the Level E-Mathema.tics Curriculum between 
September 19^7 and January I968. 



TABLE 1 

NUMBER OF STUDENTS IN GRADES TWO THROUGH SIX IN OAKLEAF AND 
McANNULTY SCHOOLS WORKING IN SIX SELECTED UNITS IN THE 
MATHEMATICS CURRICULUM AND CONSTITUTING THE 
SAMPLE FOR THIS STUDY 



CrT^a.de 




Units in Level E- 


Mathematics 


Curriculum 




Numer- 

ation 


Place 

Value 


Addi- 

tion 


Subtrac- 

tion 


Multipli- 

cation 


Comb . of 
Processes 


2 


1 


1 


1 








3 


4 


5 


2 


3 






4 


3 ^ 


26 


6 


20 


19 


7 


5 


67 


4 l 


16 


44 


56 


18 


6 


76 


36 


17 


36 


36 


37 


Total 


182 


109 


42 


103 


111 


62 



^John L. Yeager, "Measures of Learning Rates for Elementary School 
Students in Mathematics and Reading under a Program of Individually Pre- 
scribed Instruction" (unpublished doctoral dissertation. University of 
Pittsburgh, I966) • 
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Measures of Rate of Lea^^nlng 

Due to the complexity of what takes place in school learning situ- 
ations, there are many problems in measui’ing rate of learning in such 
settings# These problems generally can he classified into two major cate- 
gories; (l) problems that are associated with the measure used and (2) 
problems associated with the great number of variables that probably affect 
rate of learning. 

A major problem that has been encountered in measuring rate of 

learning in the Individually Prescribed Instruction program arises from 

the definition of "rate." A general definition of rate may be expressed 

as the amount or degree of anything in relation to units of time, i. e., 

rate = degree ^ main problem here becomes that of determi- 

time 

ning which 'measures should be used to determine accurately the aiuount or 
degree of learning (the numerator in the above . equation) . 

Since the instructional program of Individually Prescribed Instruc- 
tion is based on the detailed specification of the sequences of instruction- 
al objectives of each unit through which each pupil is to proceed at his 
individual pace, and since the pupil's progress through these sequences is 
monitcred through the use of special tests specifically designed to measure 
the stated objectives, one obvious way of expressing the amount of learning 
which has taken place is the pupil’s score on these achievement measures. 

However, among the available achievement meas'ures, there is the 
problem of differentiating the actual amount of learning that has taken 
plice from the amount of work that the pupil has done during the specific 
time period. This is to say, the amount of work required within a unit may 
viry from one pupil to another even when both pupils have to master exactly 
the same objective. For example, the amount of work they have to do may be 
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different due to differences in the number of work pages that are assigned 
to them. Student A may need to work through eight work pages to learn the 
objective while student B may only need to work through two work pages to 
achieve mastery of the same objective. To resolve the difficulties and the 
limitations inherent in measuring the amount of learning and work done by 
each pupil, the investigator proposed using a composite of several rate 
measures to increase the comprehensiveness and reliability of this criterion 
measure . 

One of the rate measures Yeager^ used for his study was "the dif- 
ference of the criterion and the pretest score divided by the number of 
days to complete the unit — 100 - pretest ^or e/» ^a^e a measure 

of the pupil’s rate of learning in terms of how fast he worked to master 
the amount of material he did not know initially. However, under the In- 
dividually Prescribed Instruction program, each pupil goes through the unit 
in a different sequence, this sequence being determined individually accord- 
ing to the pupil’s specific learning needs and the level of achievement he 
had when entering the unit. Therefore, pupils working on the same unit and 
having the same percentage of content left to master do not necessarily work 
on the same work pages, nor even the same number of wo: k pages. It is for 
this feason that usin^ this rate measure alone may not give an accurate pic- 
ture of how fast a pupil really learns. With the rate measure proposed by 
Yeager, a pupil may be classified as slower than others who had the same 
amount to learn in the unit merely because more pages were assigned to him. 
Therefore, in addition to the rate measure proposed by Yeager (1966), 

^John L. Yeager, "Measures of Learning Rates for Elementary School 
Students in Mathematics and Reading under a Program of Individually Pre- 
scribed Instruction" (unpublished doctoral dissertation, University of 
Pittsburgh, I966) , 
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Raten = IQQ ~ pJ^etest score ^ ^ measure was included to take into consid- 
days worked on unit 

eration the number of work pages the pupil has worked per day. Hence, a 



second measure of rate was formulated to supplement Rate2_; 

Rate - number of pages worked . 

2 days worked on the unit 

Under the Individually Prescribed Instruction program, the pupil 
can master a unit without having to work through each skill within it. 
Pretest results may show that one student has five skills to master, an- 
other three skills, and still another only two skills. Furthermore, pupils 
may differ in the number of skills they have to study in a unit even though 
they have the same total pretest score. In order to meet this problem, 
which is not covered by the first two rate measures, an additional rate 
measure which will help to contribute to a more complete picture of the 

pupil ^s rate of learning was employed; namely, 

Rate^ = number of skills learned , 

3 days spent on the unit 

However, some units in the curriculum may be more difficult for 
one pupil than the others will be; thus, if we only have the above three 
meafrres to account for a particular pupil’s rate of learning, our result 
still may not be accurate since the pupil may have worked faster or slower 
in this particular unit than on the other units. Therefore, an account of 
the number of skills in all the units in which he has worked will provide 



still another dimension of his rate of learning. This fourth rate measure^, 
Ratei^, is the number of skills learned dui’iiig the research period (September 
1967 through January I968) . All of the above four proposed measures were 
used in this study as criterion variables. 



Factors Associated with Learning Rato 

To understand learning rate it is important to detemine those 
factors that covary with it. For this study they are referred to as 
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predictor variables. The following are the predictor variables used in 
this study together with the reasons for their being selected as factors 
hypothesized to be associated with rate of learning. 

1. Verbal I.Q. and 2. Non-Verbal I.Q. : As measured by the Lorge- 

Thorndike Intelligence Test. It appears logical that the pupil’s intellec- 
tual ability should be considered as one of the factors associated with how 
fast he learns. IVlany research studies on this topic of the relationship 
between I.Q. and the pupil's learning in school agree on this point. 

Carroll^ puts this variable under the element of "Ability to Understand 
Instruction" in his model. A measure of general intelligence^ the I.Q. 
score, or some index of achievement may be useful for predicting perfor- 
mance on a great range of intellectual or cognitive tasks. As pointed out 
by Ferguson,^ Spearman strived to show that a general intellective factor 
operated in the performance of many mental tasks. 

Carver and DuBois3 investigated the relationship between learning 
and intelligence by giving 269 U. S. Navy enlisted men a battery of seven 
learning tests and the General Classification Test. Their results indi- 
cated that there is a significant relationship between intelligence and 

the gain scores on the learning tasks. 

Yeager^ found in his study that the student’s intelligence quotient 

is significantly correlated with the number of mathematics units completed 



Ijohn B. Carroll, "A Model of School Learning," Teachers College 
Record ^ 64:723-732, 1963* 

^George A Ferguson, ”0n Learning and Human Ability, Canadian 
Journal of Psychology , 8 : 95 - 112 , 1954 . 

3Ronald P. Carver and Philip H. DuJ3ois, "'Ihe Relationship Between 
Learning and Intelligence, " Journal of Educational Measiirement , 4l: 133-13^;, 
B'all 1967* 

^Yeager, op. clt . 




in one year. Glaser, Reynolds, and Fullickl also sioggest that there i;j • 
relationship between the intelligence of the student and the pace with 
which he works through the learning program. 

Coleman and Cureton^ suggested from the results of their study 
that a group I.Q. test and seiected su>^teBts from a school achievement bat- 
tery measures are substantially identical functions. However, the investi- 
gators pointed out that in measuring general Intelligence with a view to 
maki^ inferences about differences in native capacity, there is a good 
reason to separate the functions tested into two dimensions: the verbal 

and non-verbal (arithmetical) factors. 

Frost^ cites in his article the findings of the Gudersen and Feldus 
study, which are in agreement with Coleman and C\ireton*s conclusion. They 
found in their study of fourth-grade groups with different verbal and non- 
verbal I.Q. scores that the verbal groups ranked first in each area of 
achievement, while the non-verbal groups ranked last. Cvoxibach^ also sug- 
gests that non-verbal I.Q. has some special function in school learning. 

It gives indications of pupils who have good reasoniiig ability but who ••uv.- 
below standard in leading and verbal development. 



^Robert Glaser, James H. Reynolds, and Margaret G. Fuhlick, 
Programmed Instruction in the Intact Classroom , Project No. 13^^F, Coopi >•< 
ative Research, U. S. Office of Education, Decemver 19^3^ P* 25* 

^W. Colemfm and E. E. Cureton, "Intelligence and Achievement: < 

Jungle Fallacy," Educational and Psychological Measurement , 3^bf-391;> ,i’t 

%. P. Frost, "Some Conditions of Scholastic Achievement," Cana/i ., .■■■ 
Education and Research Digest , ^:2.6j-PJ3kf Lecember 1 ^j 655 6:9-17^ Mirch I;.*- ^ . 

L. J. Cronbach, Essentials of Psychological Testing , (New York: 
IFirper Brothers, i960), pp. 169-171* 
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These latter sout’ces all suggest th-'j advisability of looking at 
both verbal and non-verbal aptitude. Thus^ verbal and non-verbal I.Q. 
scores should be used as two separate predictors rather than using general 
I.Q. as a single predictor. 

3. Mental Age : As measured by the Lorge- Thorndike Intelligence 

Test.. Mental Age, one indicator of the extent of a child's mental devel- 
opment, is established through intelligence testing on the basis of the 
raw scores typically achieved by children of a particular chronological 
age. In this way, it provides information about the level of ability at 
which a pupil is operating. 

Cronbach^ explains that the "M.A. is an estimate of present perfor- 
mance and of promise in the immediate future." He points out that when 
making educational decisions for a group of pupils of varied age, the mental 
age rather than the I.Q. gives the most relevant information. Furthermore, 
he points out that in research studies, if it is desired to correlate some 
other learning variables with mental ability, the mental age should be 
used rather than the I.Q. This is because the correlation of I.Q. with 
another variable is lower than that of M.A. with the same variable in -j. 
group of mixed age. According to Cronbach's analysis, I.Q. , then, is not 
a measure of the subject's present learning ability but rather a mathe- 
matical statement of the rate at which that learning ability will change 
in time. 

2 

However, House and Zeaman state that theories of intelligence are 
often vague or inconsistent about whether I.Q. , M.A., or both are related 

^Cronbach,; c^. cit . 

? 

'Betty J. House and David Zeaman, "Visual Discrimination Learning 
and Intelligence in Defectives of Low Mental Age, " American Journal of 
Mental Deficiency, 65: 51-58? I96O-I961. 
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to learning. These investigators concluded that M. A. is a measure of how 
much has been learned, while I.Q. is a measure of present learning ability 
--a crucial variable in this case. The investigators also pointed out 
that M.A. and I.Q. are independent variables that correlate with learning 
rate provided that C.A. can be ruled out as a relevant variable. Hence, 
both I.Q. and M.A. are correlated with the learning performance of the 
pupil. In view of the widespread disagreement concerning the relative 
importance of mental age and I.Q. as variables related to pupil’s learn- 
ing performance, both indices (M.A. and I.Q.) will be used as predictors 
in the present study. 

U. Mathematics Achievement Score ; As measured by the Stanford 
Achievement Test. Many studies have shown that an important predictor of 
future achievement is some measure of past achievement in the same, or a 
related, subject. 

Townsend^ has shown a high relationship between previous and later 
achievement. This result is supported by Piaget’s^ theory of mental de- 
velopment in children. According to Piaget's formulation of the process 
of ’assimilation' in the sequence of mental development, the learner acts 
on an environmental object in relation to his previous experience with some 
similar object and imposes some of his own conceptions on it. As a result, 
new activities are incorporated into the child's repertoire in response to 
the demands of the environment. Therefore, in addition to the I.Q. scorve, 
the mathematics achievement score gives a general indication as to how 

^Agatha Townsend,- "Growth of Independent School Pupils in Achieve- 
ment of the Standard Achievement Test," Educational Research Bulletin , 
56:6 i~71> 1951. 

' ^J. Piaget, The Origins of Intelligence in Children, (New Yopk: 
International University Press, 1952). 
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well this pupil learns in the area of mathematics, since previous knowledge 
of the subject is an important factor in determining success in learning 
the task at hand. It also seems logical to consider the fact that how 
well a pupil has learned a subject will have some relation to how fast 
and how well he will master the subsequent learning tasks in the same 
subject. 

5* Reading Achievement Scores ; As measured by the Stanford 
Achievement Test. After reviewing the results of research studies that 
have been conducted in school learning, it seems reasonable to assume that 
at different levels of the educational process, different factors affect 
the learning performance. This is due to the different learning behavior 
that is required by the different learning tasks as well as the different 
levels of the learning tasks. It is a well-recognized fact that during 
the years of the pupil’s formal education in the schools, the learning 
objectives that are set up for him change as he proceeds through the se- 
quence of learning behavior. The skills and the ability required of him 
also differs from task to task and level to level. For example, reading 
is obviously of paramount importance in elementary school subjects such 
as spelling, arithmetic and science. Reading achievement score is used 
here as a predictor variable on the assumption that it is a determiner of 
the pupil’s ability to understand instruction. Bloom^ indicated in his 
analysis of Carroll’s model for school learning that this variable should 
be directly related to the amount of time required by the pupil to learn a 
particular task. 



^B. S. Bloom, "Mastery Learning for All" (invited address 
presented at the American Educational Research Association Annual Meeting, 
February 7-10; 1968) , 
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6. Total number of skills ; This measure includes the total number 
of skills mastered by the pupil during the previous school year (1966-I967) . 

It is included as one of the predictors for the same reason that mathematics 
achievement score is included in this study. Past rate of learning in a 
gj[Y0j]^ gij3j0ct should be a predictor of how fast the pupil will learn in 

the future. 

7. Attention : This variable measures how much attention a pupil 

gives to the learning of the unit. The measure is obtained through direct 
observa "ion in the classroom. 

Carroll^ explains in his learning model that a learner who, in 
view of his aptitude, the quality of the instruction, and his ability to 
understand instruction, needs a certain amount of time to learn a task, 
may or may not be willing to perservere for that amount of time in trying 
to learn. Therefore, he postulates perserverance as a determiner of rate 

of learning. 

Frost^ cited the findings of Kern, who, from a study of under- 
achievers, concluded that the pupil’s difficulties with study habits were 
the main obstacle to attainment of educational goals . Hence, it io not 
enough that each pupil is provided with the opportunity to learn at his 
own ability level and with an adequate amount of time to learn the task; 
we must see to it that he utilizes the opportunity appropriately. Therefoi'c^ 
a measure of the amoixnt of time he actually spends on learning the task is 
crucial to the accurate prediction of the outcome of his learning behavior. 
In other words, the amount of time he actually spends on learning is 

^Carroll, op. cit . 

2 

Frost, op. cit. 
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important as a determiner of his rate of learning and as an indication of 
his learning behavior. 

Three ten-minute-period observations vere used to account for 
the attention score for each pupil working in each of the selected E-level 

units in the Mathematics Curriculum. 

8. The pupil *s reaction to the difficulty of the learning 
activities! A questionnaire was constructed for this purpose. The 
question raised was^ **Was this work hard or difficult for you. Ihis 
question (Question^^) was presented to the pupil by an aide after each GET. 
The pupil’s answer was then recorded by the aide on a five-point scale^ 
ranging from "very easy" to "very difficult." 

The student’s perception of the difficulty of the task to be 
learned is important. In terms of Carroll’s^ learning model, this vari- 
may be a measure of the quality of instruction. The simplest and the 
most direct way to obtain a meaningful measure of the perceived difficulty 
of the learning task is to ask the pupil about it. 

As Carroll has pointed out, it is the school's responsibility to 
organize and present the task to be learned to the pupil in such a way that 
he will learn it as rapidly and as efficiently as he is able. Quality of 
instruction, according to Carroll, in addition to teacher performance, 
also includes the nature and the tyi)e of ihe instructional material used 
to help the learner to learn the task. Thereiore, when the quality of iti- 
struction is at the oi)timal level, the learner should be able to learn the 
task without much difficulty . As Bloom‘d jjoints out, the pupil s aptitude 
for learning a particular task may be modified by appropriate learning 



^Carroll, op. clt . 

p 

Bloom, op. cit . 
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experience. He hypothesizes that more efficient learning conditions reduce 
the amount of time required for the pupil to learn a particular task. 

Although this variable (pupil’s perception of the difficulty of 
his work) has many possible implications and is almost impossible to spec- 
ify, it is hypothesized that it is in some way associated with the pupil’s 
rate of learning. Since the main interest of this research study is in 
determining the extent of the relationship between this readily available 
measure and rate of learning, rather than the exact nature of the variable, 
the inclusion of this variable as one of the predictors would seem to be 
appropriate . 

9. The pupil’s reaction to learning materials : Ibis measure was 

obtained from Question^ of the questionnaire. The question was, "How well 
did you like the things you did in this skill?" This question is scored 
by the aide on a five-point scale. Here the possible pupil response ranges 
from "like very much" to "dislike very much." 

Question^ was included as one of the predictors to obtain some in- 
formation about the pupil’s reaction to the instructional procedures and 
materials he has to use to master the learning task. Here the investigator 
is concerned with the student’s liking for his learning task and, hence, 
the extent of his motivation for pursuing it. The emotional expression of 
"like" or "dislike" for the things an individual has to do in the learning 
task should be related to the level of his performance. High motivation 
should lead to better learning performance and to a faster rate of learning. 

Carroll’s learning model^" includes the motivation factor under the 
element of "perserverance. " He explains that the maximum amount of time 
for which an individual will apply himself to the learning of a task 

^Carroll, op. cit. 
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depends partly on the level of his motivation. Questiong provides us also 
with scfflie information about the effectiveness of material in interesting 
the pupil^ and in motivating him to learn the task at hand. It is hypoth- 
esized that this expressed degree of interest will be related to the 
pupil’s rate of learning. 

Procedures of Data Gathering 

All pupils worked on the selected E-Level units of the Mathematics 
Curriculum and were observed during the months from September 1967 through 
January I96Q, 

The following information wr.s obtained and recorded for each 
pupil included in the study: 

Pretest score of each unit 
Verbal and non-verbal I. Q, scores 
Mental Age 

Mathemat’ics and reading achievement scores 

Total nidnber of skills mastered during the previous school year 

(1&66-1967) 

Days spent on each uni^ 

Pages worked on each unit 
Skills worked on each unit 

Total number of skills mastered during the research period 

Attention score 

Scores from the questionnaire. 




CHAPTER IV 



PRESENTATION AND THE ANALYSIS OF DATA 

The basic purpose of this study has been to investigate character- 
istics of measures of rate of learning in individualized instruction sit- 
uations, In particular it has studied the relationship of selected pupil 
aptitude and achievement measures as well as certain classroom performance 
measures to rate of learning. In studying the relationship of these vari- 
ables to rate, four different rate measures have been employed both singly 
and in combination. To examine these relationships as they are found with 
different types of specific mathematic content, student performance in six 
different units of IPI mathematics was investigated. 

Previous research by Yeager^ has shown the inadequacy of certain 
measures of rate of learning in IPI situations, and also suggested some 
new measures that might be en5)loyed. The current study then, caxi be 
viewed as an extension of the work initiated by Yeager, As the first 
step in the assessment of the functioning of the measures involved, which 
were detailed in Chapter III, the Pearson product -moment correlation co- 
efficient was computed between each individual predictor and each individ- 
ual rate measure. This analysis was used to test research hypothesis I, 

Since one of the implications •<>f Yeager's study was that his 
findiig of a consistent lack of correlation between predictors and rate 
measures was due to a lack of comprehensiveness in any single measure, 

■^John L. Yeager, "Measures of Learning Rates for Elementary School 
Students in Mathematics and Reading under a Program of Individually Pre- 
scribed Instruction" (unpublished doctoral dissertation. University of 
Pittsburgh, I966) , 
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the present study investigated the relationship between each predictor 
and a composite rate measure. This was done by determining the multiple 
correlation between each predictor and a linear function of four rate 
measures. This analysis was used to test research hypothesis III. 

To further examine the relationship between the predictors and 
the measures of learning rate^ multiple correlations and multiple regres- 
sion equations were determined for the prediction of each rate measure 
from the best linear combination of the nine predictors. This permits an 
examination of the strength of this relationship and of the relative con- 
tribution of each predictor. This analysis was used in testing research 
hypothesis II. 

A logical next step in the analysis seemed to be to ask the ques- 
tion "What is the relationship between the best linear combination of the 
predictors and a linear composite of the rate measures?" This question 
can be investigated through the use of canonical correlation^ analysis. 

This type of analysis provides us with canonical correlation coefficients^ 
which show us the degree of relationship between such linear composites 
(the canonical variates), and also provides indices of the relative contri- 
bution of each of the original variables to the composite of which it is a 
part. This technique was used to test research hypothesis IV. 

All of the analyses described in the foregoing discussion are 
presented in the following sections of this chapter. The statistical 
analysis was carried out on the IBM 7090 computer at the Computation and 



1 H. Hotelling, "Tlie Most Predictable Criterion, " Journal of Educa - 
tional Psychology , 26:139-192, 1935^ and William W. Cooley '<nd P. R. Lohnes, 
Multivariate Procedures for the Behavioral Science (New Yo Tohn Wiley, 
i95277'ppri7=w: 
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Data Processing Center of the University of Pittshiirgh.^ The computer pro- 
grams used in this study were: 

1. Correlation with Item Deletion BMD03D.^ 

2. Multiple Correlation Analysis by Cooley and Lohnes.8 

3. Canonical Correlation Analysis by Cooley and Lohnes.^ 

The Analysis of Da ta 

1. The Relationship Between Individual Predictors and Individual 
Rate Measures 

The relationship between each of the criterion measures and each 
predictor was analyzed for each of the selected E-level units of the IPI 
mathematics curriculum. 

Tables 2 through 7 summarize the results for each of the E-level 
units. 5 Only significant correlation coefficients are listed. 

In looking at the significant Pearson product-moment correlation 
coefficients, it is seen that none of the predictors correlate consistantly 
with any single rate measure for all six units of the IPI mathematics cur- 
riculum included for this study. Although all of the predictors are cor- 
related with one rate measiu’e or another in one or several of the imits, 



^The University of Pittsburgh Computing and Data Processing Center 
is partially supported by the National Science Foundation Grant G-11309* 

^W. J. Dixon (ed.), Biomedical Computer Program s (Health Sciences 
Computing Facility, Department of Preventive Medicine and Public Health, 
School of Medicine, Los Angeles: University of California, 1985)^ PP* 60-66. 
( See Appendix A for range of N* s involved by units . ) 

^William W. Cooley and P. R. Lohnes, Moltiyarlate Procedures for 
the Behavioral Science, (New York: John Wiley, 1962}, pp. 31-59* 

k 

^Ibid. 



5see Appendix A for Means and Standard Deviations for all variables. 
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these predictors are not found to be related generally to all rate measures 
in all situations. In most cases, the correlations between the rate mea- 
sxares and the predictors for each cud.t are not significantly different 
from zero* Among 2l6 correlation coefficients l6 were significant at 

the .05 level and 12 at the .01 level. 

The results clearly support hypothesis I, that no single rate mea- 
sure nor any single predictor can explain the complex nature of rate of 
school learning. For example, in Table 2, none of the predictors correlated 
significantly with rate^ only one variable (the total number of skills 
completed during the previous school year) is correlated with rate 2 at the 
.01 level of significance. There is no significant relationship between 
rate^ and any of the predictors. Ratei,, is correlated with question 2 at the 
.05 level of significance, and it is correlated with the attention measure 
and question^ at the .01 level of significanc.e. Out of the 36 correlations 
for the numeration unit, only two were significant at the .01 level and two 
at the .05 level. 

TABLE 2 



PRODUCT-MOMENT CORRELATION COEFFICIENT BETWEEN THE RATE IMSURES 
AND THE PREDICTORS FOR THE E- NUMERATION UNIT OF THE IPI 
MATHEMATICS CURRICULUM (N = l82) 



Verb. 

iia*. 


• 


Math. 
M.A. Achiev 
(X 3 ) (%) 


' Read. 

. Achiev. 
(X 5 ) 


Skills 

1967 Atten. 

(xg) (X7) 


Ques , T 

(xs)^ 


Ques . p 
(Xg) 


Rate 3 _ 














Rat eg 








.193** 






Rate^ 














Rate|^ 








.165* 


.183** 


.161* 




(Only significant 


correlations are listed) 







**.0l level of significance, critical R = .I 8 I, d.f. = 200 
*. 05 .lGvel of significance, critical R = . 138 , d.f. = 200 
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For the place value unit of the E-level mathematics curriculum, 
the results indicate that mental age and mathematics achievement score 
correlated with rate^ at the .01 level of significance (See Table 3) while 
reading achievement score and the total number of skills worked during the 
previous school year correlated with rate^ at the .05 level. The total 
mmiber of skills worked also correlated at the .01 level with rate^ for 
this unit. None of the predictors correlate with rate^ or rate^ for this 
particular unit. Out of 36 correlations for the place value unit three 
correlations are significant at the .01 level and two are significant at 
the .05 level. 

TABLE 3 

PRODUCT-MOMENT CORRELATION COEFFICIENT BETWEEN EACH RATE MEASURE 
AND EACH PREDICTOR FOR THE E-PLACE VALUE UNIT OF THE 
IPI MATHEMATICS CUREICULUM (K = 109) 





Non- 














Verb. 


Verb. 




mth. 


Read. 


Skills 






I. Q. 


I.Q. 


M.A. Achiev. 


Achiev. 


1967 


At ten. 


Ques . Ques . 0 


(x^) 


(Xg) 


(X3) 


(Xi^) 


(Xj) 


(^6) 


(Xy) 


(Xq) (X5) 


Rate^^ 




.311** 


. 345** 


.23^ 


.245* 






Rateo 










. 331^** 







Rate 2 

Rate^j^ 

(Only significant correlations are listed) 

^*.01 level of significance, critical R -- .254, d.f. = 100 
*.05 level of significance, critical R = .195^ d.f. = 100 

For the E-addition unit of the IPI mathematics curriculimi, two 
predictors correlated with rate, at the .01 level and one is correlated 
with rate^ at the .05 level, while total number of skills worked during 
the previous school year is correlated with rateg at the .05 level. 

(See Thble 4) 
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For "the E-sub tract! ‘JP. unit^ 10 out of 3^ correlations were signif- 
icant (See Table 5) while only two correlations were significant for the 
E-multiplication unit (Table 6 ). For the E-combination of process unit, 
three out of the 3^ correlationo were significant at the .05 level. (See 

Table j) 

TABLE k 

PRODUCT-MOIvIENT CORRELATION COEFFICIENT BETWEEN TEE RATE MEASURES 
AND THE PREDICTORS FOR E-ADDITION UNIT OF THE 
IPI MATHEMATICS CURRICULUM (N = 42) 



Verb. 

I.Q. 

(xp 


Non- 

Verb. 

I.Q. 

(Xg) 


M.A. 

(X 3 ) 


Mith. 

Achiev. 


Read. 

Achiev. 

(X 5 ) 


Skills 

1967 

(Xg) 


Atten. 

(Xj) 


Ques.-i Ques.p 
(V (Xg) 


Rate -1 








.386* 


.403** 


.412** 





Rat eg 



. 314 * 



Rate 2 
Rate^ 

(Only significant correlations are listed) 

**.01 level of significance, critical R = .393^ H.f. = 40 
*.05 level of significance, critical R = .304, d.f. = 40 



TABLE 5 



PRODUCT- MOMENT CORRELATION COEFFICIENT BETWEEN THE RATE MEASURES 
AND TPEE PREPTCTOPS FOR E-SUBTPiACTION UNIT OF THE 
IPI MATHEMATICS CURRICULUM (N - 103) 



Non- 



Verb . 

I.Q. 

(xp 


Verb. 

I.Q. 

(X2) 


M.A. 

(X3) 


Math. 

Achiev. 

(X4) 


Read. 

Achiev. 

(X5) 


Skills 

1967 

(Xg) 


Atten. 

(X^) 


Ques . n 
(Xg) 


Ques . „ 
(Xg) " 


Rate^ 






.223* 


.219* 


*255** 








Rate,^ 


. 242 * 








. 341 ** 








Rate,^ 




.217* 




. 317** 


.247** 




.233* 





Rate 



.260** 



(Only significant correlations are listed) 
**.01 level of significance, critical R = .254, d.f. = 100 
*.05 level of significance, critical R ~ .195; ff'f* - 



h2 



TABLE 6 

PRODUCT-MOI-IENT CORRELATION COEFFICIENT 3ETVJEEN THE RATE MEASURES 
AND THE PREDICTORS FOR THE MULTIPLICATION UNIT OF THE 
IPI MATHEMATICS CURRICULUM (N = 111) 





Verb. 

I. Q. 

(xp 


Non- 

Verb. 

I.Q. 

(Xg) 


M.A. 

(X3) 


Math. 

Achiev. 

(\) 


Read. 

Achiev. 

(Xj) 


Skills 

1967 

(Xg) 


Atten. 

(x^) 


Ques.n 
(Xg) • 


Ques.p 

(X3) 


Rate^ 


.215* 


















Rate 

2 

Rate 2 












.293** 








Rate^ 





















(Only significant correlations are listed) 

**.01 level of significance, critical R = .254, d.f. = 100 
*.05 level of significance, critical R = .195^ = 100 



TABLE 7 

PRODUCT- MOMENT CORRELATION COEFFICIENT BETWEEN THE RATE MEASURES 
A'ND THE PREDICTORS FOR THE E-COMBINATION OF PROCESS UNIT OF 
THE IPI MATHEMATICS CURRICULUM (N - 69) 





Verb. 

I.Q. 

(X^) 


Non- 

Verb. 

I.Q. 

(Xg) 


M.A. 

(X3) 


Mb-th. 

Achiev. 

(X4) 


Read. 

Achiev. 

(Xj) 


Skills 

1967 

(Xg) 


Atten. 

(X^) 


Ques . 
(%) 


Ques . p 

(Xj) 


Ratej_ 

Rate^ 

2 








.28il-* 


.262* 










Rate 

3 

Ra te^ 




(Only significant 

• • ^ ^ ^ -L. J 


.288* 

correlations are 

? 1 -n _ ono 4 


listed) 







**.01 level of significance, critical R = *302, d.f. 70 
*.05 level of significance, critical R = .233^ d.f. = 70 



The results of the simple correlation analysis 

1 

this study is in agreement vith Yeager’s study on the 



of the data for 
rate of learning- - 



lleager, op. cit . 



^3 



the study from which some of the hypotheses for the present investigation 
was fomulated. Yeager studied the consistency of three measures of stu- 
dent learning rate and the relationship between each rate measure and each 
of the student characteristics --student’s I.Q. and reading achievement score. 
Based on the results of his study^ Yeager suggests that perhaps the reason 
that no consistent relationship was found between each of the student 
characteristics studied and each rate measure is the lack of comprehensive- 
ness in the measures. Therefore, based on the results of Yeager's invest!- 

1 

gation and Carroll's conceptual model of school learning, hypotheses II, 

III and IV of this study were formulated. 

2. Relationship of Indiviu.ial Predictors and a Composite of the 
Four Rate Measures. 

To investigate the possibility that individual prediction might 
be more highly related to rate if a more comprehensive rate index were 
used, the multiple correlation of each predictor with a composite of the 
four rate measures was determined. The results of this multiple correla- 
tion analysis as presented in Table 8 show that, as would be expected, the 
correlation between each predictor variable and the rate measures increases 
when aD four rate measures are combined,. The table shows, for examp.lc 



that in the E- Numeration unit the multiple R for question^ and the four 
rate measui’es combined is .247 which is larger than .I 83 , the only signiti- 



cant correlation between (_[uestion.j^ (Uid a single rate measure as reported 
in 2. 

Among the multiple R's tested for each predictor and the four rate 
measui’es, the majority of them were not significantly different from zeio. 
For example, for the numeration unit, rnly (luestion^ is significantly 



^John B. Carroll, "A Model of School Learning," Teachers College 
Record, 64:723-732, 19^3. 



related to the rate measiu’es . This general lack ot an increase in nniriber 
of significant correlations vith single predictors when a composite rate 
measure is used suggests that the lack of relationship between predictor^j 
and rate is not due primarily to the lack of comprehensiveness in the rate 

measure . 



TABLE 8 

MUI,TIPLE CORRELATION COEFFICIENTS BETWEEN EACH MEASURE OF STUDENT 
CHARACTERISTICS AND THE RATE MEASURES FOR THE SELECTED 
E-LEVEL UNITS OF THE IPI MATHEMATICS CURRICULUM 



Student 

Characteristics 


Numer- 

ation 

(n=i 8 i) 


Place 

Value 

(N= 42 ) 


Addi- 

tion 

(N= 109 ) 


Subtrac- 

tion 

(N= 102 ) 


Multipli- 

cation 

(N=lll) 


Comb . of 
Processes 

(n= 6 i) 


Verb I. Q. 
(Xi) 


.227 


.149 


.271 


.227 


.274 


.352 


Non- Verb I.Q. 

(x^) 


.197 


.236 


.232 


.263 


.139 


.263 


M.A. 

(X3) 


.187 


.396 


.301 


.235 


.214 


.251 


Math Achiev. 

(Xij) 


.179 


.290 


.187 


.267 


.310 


.304 


Read Achiev. 
(X5) 


.151 


.290 


.398 


. 348 ^ 


.145 


. 347 


Skills 1967 
(Xg) 


.220 


.352 


.479 


.42QX)(- 


. 348 ^ 


.387 


Attention 

(z.^) 


.187 


.165 


.452 


.283 


.206 


. 26;:^ 


Question 

(Xfl) 


. 247 ^^ 


.221 


. 104 


.3^47" 


.135 


.177 


Quest ion, 3 


.222 


.221 


.293 


.213 


.076 


.150 



■^■^,01 level of significance 
■^.05 level of significance 



^5 




3. The Relationship of Each Rate Measure and the Best Composite 
of the Nine Predictors 

After analyzing the relationship "between rate measures and each 
of the predictors, the correlation between each rate measure and all of 
the predictors combined was investigated. These multiple R’s are shown 
in Table 9* A comparison of the correlation coefficients obtained from 



the simple correlation analysis and the multiple correlation analysis 
shows, as would be expected, that all the multiple R’s are larger than 
the Pearson product-moment r’s, and a much larger percent of the multiple 
R’s are found to be significant. This result supports hypothesis II that 
the predictability of rate measures increases when all the predictors are 
included in the regression analysis. For example, the Pearson product- 
moment correlation coefficient between rate|^ and the predictors (verbal I.Q., 
non-verbal I.Q. , M.A., mathematics achievement, reading achievement, skills, 
attention, question^, and question^) for the numeration unit are: .05^, 

.069, .124, .099, .068, .023, .165*^ .183**, and .161* respectively; the 
muTuiple R for rate^^ and all the predictors combined for the same unit is 
.377**. The Pearson r between rate2 and the predictors are: -.0^8, -.112, 

-.088, -.066, -.119, .193^^ -.025, -.131, and -.125 respectively, while 
the multiple R for rate2 and all the predictors combined for the same unit 
is .343^^* 



Nevertheless, among the multiple R’s tested for each rate measure 
and all the predictors for the selected E-level units of the mathematics 
curriculum, many are not significantly different from zero. (See Table 9) 
For example, for rate^ and rate2 only 50 percent of the units studied showed 
signific- \ . multiple R’s; for rate^, 33 percent of the units had significant 
multiple R’s and for rate;^ only 17 percent of the units studied showed sig- 
nificant multiple R’s. Tlierefore, among the 24 multiple R’s listed in Table 
9 only nine are significant- -37 *5 percent. 
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TABLE 9 

MULTIPLE CORRELATION COEFFICIENT BETWEEN EACH RATE MEASURE AND 
TIP PREDICTORS (STUDENT CHAR^^CTERISTICS) FOR THE SELECTED 
E-LEVEL UNITS OF THE IPI MATHEMATICS CURRICUI,UM 



Rate 

Measures 








Unit 






Numer- 

ation 


Place 

Value 


Addi- 

tion 


Subtrac- 

tion 


Multipli- 

cation 


Comb . of 
Processes 


Rate^^ 


.203 


.433** 


.642* 


.527** 


.344 


.327 


Rate 




.450** 


.598 


.502** 


.339 


,■ .392 


Rate 

3 


.293 


.302 


.495 


.517** 


.4l6* 


.438 


Rate^^ 


. 337** 


.257 


.247 


.379 


.099 


.433 



^*.01 level of significance 
*.05 level of significance 



In those cases where the multiple correlation coefficients are 
significant, it is of interest to examine the relative contribution of 
the various predictors. One way of interpreting the individual contri- 
bution of the predictor variables is by examining the beta weights, the 
partial regression coefficients. The contribution of most predictors in 
this study can be expected to be quite small, since the multiple R’s are 
relatively small. This is seen in the data of Ifcible 10. 

Because of the small size of the betas and because of their known 
inconsistency from sample to sample when the sample size is smrall, it is 
not suTi^rising to note the lack of any consistent pattern in the betas 
from one regression equation to another. Tliis problem can be investigated 
further by examining the structure R’s for these same relationships. 

These structure R’s indicate the correlations between the original predic- 
tors and the derived linear composite of the predictors, llie structure 
R’s are more stoble in that they do not fluctuate as much from sample to 
sample as the betas do. For this reas*ni, it is more meaningful to use the 
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structure R’s to examine the relative contribution of the various pre- 
dictors for interpretative purposes. The structure R’s for the signifi- 
cant multip3.e correlations are listed in Table 11. 

In general, the structure R’s show the same inconsistency from 
unit to unit and from one rate measure to another as do the betas. 

However, it is significant to note that in all except one case the struc- 
ture R’s associated with number of skills mastered in I 967 are of substan- 
tial size and positive. This does suggest that further investigations of 
predictors of rate of learning should give attention to past rate as a pos- 
sible useful measure. 

The results of the simple correlation analysis and the multiple 

correlation analysis indicate that no one predictor variable is a major 

deteminer of rate of pupil learning, that rate is determined by a complex 

of factors, and that the relative importance of each factor varies greatly 

from one learning task to another. In order to obtain a more complete 

assessment of pupil’s learning in school under the IPI program, more than 

one measure of rate of learning should be used. This general hypothesis 

will be examined further in the canonical correlation analysis. 

4. The Relationship Between a Composite of the Four Rate Measures 
and the Composite of the Nine Predictors 

The foregoing analyses suggested the desirability of examining the 
relationship between a linear combination of the predictors and a linear 
combination of the rate measures. Canonical correlation analysis determines 
the correlation between linear comijosites of two sets of variables, where 
these composites are derived in such a way as to yield the maximum rela- 



tionship. 
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Two sets of variables can contain very similar information even 
though pairs of variables selected one from each set may not be particu- 
larly highly correlated. This is because of the fact that what one vari- 
able is measuring in one set may be measured by a combination of vp-"La; ‘ cS 
in the other set or vice versa. Therefore, the underlying traits may be 
reflected in several variables, yet only when these several variables are 

examined in combination are the relationships between two sets of vari- 

1 

ables made evident. 

The number of canonical correlations is equal to the rank of the 



inter correlation imatrix among the two sets of variables, For example, 
the rank of the matrix for the present investigation is four, the number 
of rate measures. In canonical analysis it is algebraically impossible to 



have more non- zero canonical correlations than the number of variables in 
the smaller of the two sets.^ In general the complete factor structure of 
a set of variables contains as many factors as there are variables. Hence 
it is obvious that if the larger set is composed of nine variables as in 
the case of this study, and the smaller set is composed of four variables, 
only four factors can be extracted, from the smaller set. As a result, 
canonical R’s are available between four of the factors of the larger set 
and the four factors of the smaller set. Ihe remaining factors in the pre- 
dictor set have no counterpart in the criierlon set and do not enter into 
the canonical solution. 



^For a discussion of this point sje William W. Cooley, "Further 
Relationships with the TALENT Ba t tery, " Personnel and Guidance Journal , 
November ,1965* 

Cooley and Lohnes, op. cit . 
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According to Hotelling/ a canonical solution can be explained in 
terms of factor analysis. That is, that the two sets of variables could 
be factor analyzed independently first arid then weights developed to 
rotate the two factor structures to maximum correlation. In the case of 
canonical analysis, the factors extracted (the linear combination of the 
predictor set and the linear combination of the criterion set) are called 
canonical variates, and the correlation between the first canonical variate 
(factor) of the criterion set and first canonical variate of the predictor 
set is the first canonical correlation. Therefore, for the present study, 
by using the canonical correlation analysis technique, two new scores were 
developed through the combination of the four rate measures and the com- 
bination of the measures of student characteristics. The derived combina- 
tions (factors), one from each set of variables, are the canonical variates. 
The* correlation between the first two canonical variates ioiig from each set) 
is the first canonical correlation. This canonical correlation indicates 



the similarities between the two sets of variables. 

The first c.'inonical varieite for the rate measure was obtained 

through weighting the pupil *s original rate scores by the corresponding 

coefficients, and the first canonical variate of the predictor variables 

was obtained from weighting the pupil’s origJn'il student characteristics 

svjores by the corresponding coefficients. Etch oi these two derived first 

canonical vo,riates are uncorrelated with the other derived canonical v<iri- 

ates (other combination of the variables) in it’s own &'*t but each has 

2 

maximum correlation with its naired. variate from the other set. 



a 



^Hotelling, 

^William W. 
National Standard, 



op . cit . 

Cooley and Judy D. Ml.llor, "'Ilie Project TALENT Test . 
" Personnel and Cuidance Jout^nal, 44:1038-10^4, June 



1965. 
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Tables 12 through 17 indicate the latent roots, the corresponding 
canonical correlations and their associated tests of significance. The 
canonical correlations were tested for significance by a Chi square 
approximation. ^ 

For the numeration unit, the first canonical correlation of 
.438 was significant at the .01 level while the remaining three canonical 
correlations were not significant. (See Table 12 ) This means that there 
is one dimension of the student characteristic set which is significantly 
related to a corresponding dimension of the set of rate measures. 



TABLE 12 

CANONICAL CORRELATIONS AND THEIR ASSOCIATED TEST OF 
SIGNIFICANCE FOR THE NUMERATION UNIT 



Root 

N Removed 


Canoni- 
cal R 


X 

R- Squared 


Chi 

Square 


d.f. 


Lambda 

A 


Test of 
Significance 


182 0 


.i ^-38 


.192 


6/.68 


36 


.6793 


< .01 


1 


.309 


.091 


30.35 


24 


.8408 


> .05 


2 


.240 


.058 


13.35 


14 


.9250 


> .05 


3 


.136 


.018 


3.26 


6 


.9816 


> .05 


The 


first canonical R's for three 


other 


imits of 


the IPI mathe- 


matics curriculum are 


also significant. F 


'01' the 


place 


;ilue unit, the 


first canonical R is 


. 486 , which 


is signif 


'icnnt 


at the .05 level. (Tabile 



13) The first canonical R for the subtraction unit, .656, is significant 
at the .01 level. (Tible I5) For the multiplication unit, the first 
canonical R is .^ 7 ^, which is significant at the .05 level. (Table 16) 



■^William W. Cooley, "Canonical Correlation" (paper presented at the 
APA Symposium on Applic'ition of Multivai'iate Analysis, Sej^tember 'J j 19 ^ 5 ) • 
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The first canonical R’s of the addition and the combination of 
processes unit are not significant. Tliis may he due to the small sample 
size used in the analysis of these two units, since the canonical R's are 
quite large, .656 and .5^9 respectively. 

In geneial, the results of the canonical analysis for each of -che 
six units selected for this study indicate that there is a significant 
relationship between the domain of rate measures and the domain of the 
predictors . 



TABLE 13 

CANONICAL CORRELATIONS AND THEIR ASSOCIATED TEST OF 
SIGNIFICANCE FOR THE PLACE VALUE UNIT 



N 


Root 

Removed 


Canoni- 
cal R 


X 

R- Squared 


Chi 

Square 


d.f. 


Ldmbda 

A 


Test of 
Significance 


109 


0 


.486 


.236 


53-28 


36 


.5931 


< .05 




1 


. 4 o 8 


.166 


25.86 


24 


.7760 


> .05 




2 


.218 


.047 


7 • 3 ^^ 


14 


.8306 


> .05 




3 


.152 


.023 


2.38 


6 


.9769 


> .05 










TABLE l4 










CANONICAL 


CORRELATIONS AND THEIR ASSOCIATED TEST OF 
SIGNIFICANCE FOR THE ADDITION UNIT 


N 


Root 

Removed 


Canoni 
cal R 


X 

R- Squared 


Chi 

Square 


d.f. 


Lambda 

A 


Test of 
Significance 


k2 


0 


.689 


.476 


43.23 


26 


.291 


> .05 




1 


.580 


.337 


20.64 


24 


.555 


> .05 




2 


.359 


.129 


6.27 


14 


.836 


> .05 




3 


.199 


.040 


1.42 


6 


.960 


> .05 



3k 



TABLE 15 

CANONICAL CORRELATIONS AND THEIR ASSOCIATED TEST OF 
SIGNIFICANCE FOR THE SUBTRACTION UNIT 



N 


Root 

Removed 


Canoni- 
cal R 


X 

R- Squared 


Chi 

Square 


d.f . 


Lambda 

A 


Test of 
Significance 


103 


0 


.656 


A3I 


&+,10 


36 


,kl6h 


< .01 




1 


,h2k 


.179 


30.03 


2h 


.73A 


ir\ 

0 

• 

A 




2 


.289 


.083 


11.56 


Ih 


.8912 


V 

• 

0 




3 


.107 


.028 


2.71 


6 


.9722 


LT\ 

0 

• 

A 


TABLE l6 



CANONICAL CORRELATIONS AND THEIR ASSOCIATED TEST OF 
SIGNIFICANCE FOR THE I4ULTIPLICATION UNIT 



N 


Root 

Removed 


Canoni- 
cal R 


X 

R- Squared 


Chi 

Square 


d.f. 


Lambda 

A 


Test of 
Significance 


111 


0 


.474 


, 22 ^ 


50.27 


36 


.6167 


A 

• 

0 

ON 




1 


.373 


.139 


23.83 


2k 


.7952 


> .05 




2 


.206 


.0^2 


8.29 


14 


. ^•I’O 3^ 


> .05 




3 


.189 


.036 


3.78 


6 


.96^3 


> .05 










TABLE 17 










CANONICAL CORRELATIONS AND a’HEIR ASS( 
SIGNIFICANCE FOR THE COMBINATION 01' 


DCIATED TEST OF 
PROCESSES UNIT 


N 


Root 

Removed 


Canoni- 
cal R 


R- Squared 


Chi 

Square 


d.f. 


Lambda 

A 


Test of 
Significance 


69 


0 


.529 


.280 


37-56 


36 


.5051 


V 

• 

0 

VJl 




1 


0\ 

CO 

on 

• 


.158 


19 A9 


?A 


.7017 


> .05 




2 


. 366 


.13^ 


10.02 


1^ 


.8335 


0 

A 




3 


.19^ 


.038 


2.11 


6 


.962li- 


V 

• 

0 

VJl 
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The natui-e of these prjirs of significant canonical variates can 
be inferred by exstmining the vectors (the partial ri gression coefficients) 
associated with them. The beta, weights listed in Table l8 determine the 
canonical variates which are associated with the largest R for each unit 
of •'■he mathematics curriculum selected for this study. For example, the 
first canonical variates for the numeration unit can be expressed as 
equations as follows: 

First canonical variate for the criterion set = 



,12kz 



rate- 



.7522: 



rate^ 



.072z 



rate ■ 



+ .7IOZ 



rate|^ 



First canonical variate for the predictor set = 



.466z,. 

^1 


+ .025z 


.198zy, + 

^4 


. 251Zy 

5 


+ . 364zjj_ 





X2 — ^-xg 



.528z„ + .433 Zj^ + • ^75^X0 

% 7 8 



Where the z's are the variable scores expressed as standard 



scores . 

The size and the sign of these weights must be taken into account 
in examining the nature of the canonical variates. For example, a positivve 
sign for a weight means that a high st'ajdard score for its variable would 
make a positive contribution to the size of the canonical variate and a 
low score would make negative contribution, ihe converse Is also true. 
Therefore, the size of these weights is an index of the relative importance 
of each variable whereas the signs indicate the nature of the contribution 
made by the variables. For the numeration unit for example, mental age, 
reading score, attention score, question and questionp made positive con- 
tributions to the pupil’s rate of learning; while pupil’s verbal I.Q. and 
the total number of ski.ils worked, during the previous school year contribute 
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TABLE 18 

THE CANONICAL VECTORS (BETA WEIGHTS) ASSOCIATED WITH THE FIRST 
CANONICAL VARIATES OF EACH OF THE SELECTED E-LEVEL UNITS 





OF THE IPI 


MATHEM.1TICS CURRICULUM 






Numera- 

tion 


Place 

Value 


Addition 


Subtrac- 

tion 


Multipli- 

cation 


Comb . of 
Processes 


Criterion Set 














Rate^ 


.124 


.619 


-.780 


.577 


- .062 


-. 04 l 


Rate^ 


-.752 


.476 


-.451 


. 46 l 


-.471 


.111 


Rate 2 


-.072 


.191 


-.062 


.339 


-.730 


.658 


Rate^^ 


.710 


.071 


.177 


.162 


-.233 


.651 


Canonical R 


.4383*^ 


£ . 4855 * 


.6897 


.6562^* 


.4738* 


.5292 


Predictor T/t 














Verb I . Q. 


-.446 


-.128 


-.741 


.234 


-.233 


-.727 


Non-VerlD I.Q. .025 


-.160 


1.081 


-.876 


-.033 


.169 


M.A. 


.596 


.286 


-.497 


.528 


-.049 


.228 


Nh,th Achiev 


.198 


.519 


.133 


.053 


-.619 


-155 


Read Achiev 


.251 


.067 


.136 


. 266 


.258 


.518 


Skills 1967 


-.528 


.622 


-.590 


.3^3 


-.624 


.696 


Attention 


.^33 


-.057 


-.^24 


.258 


-.272 


-.088 


Quest ion2_ 


.475 


-.258 


.153 


.399 


.247 


.iio 4 


Question,^ 


.364 


-.003 


-.073 


- . 137 


- . i 64 


.^09 



level of significance 
•X.05 level cf significance 



negatively to the pupil's learning rate. (TaLlo I8) Mental age seemed to 
he the largest contributor' to the first canonical R for the numeration unit. 

The Interpi'etation of the betas has the same problems associated 
vlth it as are found in the case of multiple regression .analysis, in that 




they are typically quite unstable from sample to s.ample particularly where 
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relatively small saraples are used. However, the interpretation of a given 
canonical correlation is greatly aided when the structure R’s (factor 
structure loadings) are used to examine the relative contributions made by 
the individual variables. Tlie structure B indicates the strength of rela- 
tionship (correlation) between the original variable and the derived canon- 
ical variate (factor), hencp, it does not change as radically from sample 
to sample as the betas do. T/ierefore, it seemed to be more appropriate 
and meanirigful to use the structure R^s to examine the strength of associ- 
ation between the predictor variables and rate of learning. Table . 4.9 lists 
the structure R*s 1‘or the first canonical variates of each unit selected 



for this study. 

lb.ble 20 presents the proportions of the variance of the predictor 
•^et extracted by the first canonical variate (factor) for each of the 
selected units of IPI math curriculum; and Table 21 presents the propor- 
tions of the variance of the criterion set extracted by the first canoni- 



cal variate for each of the units. 

The first column of Tables 20 and 21 lists tne first canonical 

correlation of each unit, the second column lists the R (X ) of the first 
canonical R which represents the proportion of the variance of the compos- 



ites shared by the first 



canonical vectors 



of the 



two sets of variables. 



Column three of the tables presents the proportion of the variance of the 
total set extracted, tjy the first canonical vai'iaue. Tie four oh column 



lists the amcunt of redundant variance attributed, to the first canonical 
factor and the last column expresses the vtlues in the fourth column as 



proportions of the total redundancy. The redundancy is obtained by find- 
ing the product of R-squared (X) and the variance extracted and, hence, 
tells us what xiroportion of the variances e^xtracted irom the total p.redictor 




On 

H 



Eh 



03 



<d 

Eh 




P 

<D 



CQ 

o 

•H 

•p 
CQ 
’*H 

^3 5h 
O 
Jh P 
O O 

cj 

O JH 
H 

d rCl 
<D O 

Q) 

-P 
03 



CJ 

• 

CQ 

Q) 



5*0 

rH 






CQ , 
Q) 



3^ 



<¥> 







>rJ 0)^ 

Cd ’H LPv 

0 ,Cl ><! 

Pd 



t> 

^ <D^-N 
4J "H 

irt ;a X 

O-w 

< 



g-s 

■s 

0) . ^ 

C! H 
!§ 

'S 

OJ . X 

> H 



0 

4-5 

GJ 

pc; 



45 ^ 
0 0 
03 

fj w 

o cn 

■Sr^ 

Q) 

P 0 
•H P 
U cl 
O K 



Q) 

P 

crt 

fc; 



rvj 

(D 

c5 



H 

(D 

P 

Ctj 

rr; 



ON 


Vi) 


VO 




o 


\p 


VO 


ir\ 


Lf\ 


r— 


H 


IV- 




OJ 


fvj 


o 


O 


OJ 


• 


• 


• 


• 


1 


• 


rH 


iH 


rH 


cvj 


o 


rH 


00 




C\J 


h- 


OJ 


Si 


ir\ 


o 


rH 


00 


H 


on 


¥ 


• 

1 


• 


• 


• 


• 


o\ 


Q 




H 


LfN 


VD 


CD 


00 




Q. 


l/N 


VD 


00 


H 


IT\ 


cVn 


00 


rH 


• 


• 


m 


• 


• 


<• 


o 




<j0 




-4 


o 


VO 


CD 


ir\ 


LT 


fJ 


OJ 


OJ 

• 


VO 

• 


VO 

• 


l/N 

• 


IV- 

• 


Iv— 

• 


00 


OO 


O 


Vi) 


IV- 


r-J 


rH 


D- 


CJ 


0! 


ov 


VO 


00 

• 


P" 

• 


-4- 

• 




o 

■ 


r~, 


o 


CJ 


ro 


aj 


IV- 




H 


oO 


00 




o 


CD 


00 

• 


VO 

• 


OJ 

• 


^:o 

• 


VO 

• 


O 

• 


Q 


p* 


ov 


On 


LT\ 


CVJ 


00 


o\ 


tc- 


o\ 


VO 


00 


00 


ir\ 


C] 


OJ 


OJ 


CM 


• 


• 


• 


• 


• 


• 


o 


00 


H 


Lf\ 


VO 




a] 


ITN 


o\ 


rH 


VO 


-4' 


00 


o 


1 — 1 


00 


H 


rH 


• 


• 


• 


• 


• 


• 


ry 




CO 


-4“ 


o 


ir\ 


LT\ 


OJ 


VO 


rH 


C'J 


Cj 


rH 


o 


rH 


o 


OJ 


CJ 


• 


■ 


« 


• 


• 


• 


o\ 




O') 


rj 


H') 


^4- 


KLJ 


o 


oO 


VO 


H 


UN 


VO 

« 


iH 

■ 


o 

• 


OO 

■ 


00 

■ 


r- 

• 


oo 




ON 




H 




LT\ 




p 


*0n 


LT^ 


\p 


O 








00 


h- 


• 




• 


• 


■ 


• 


CO 


CO 


n\ 


(^'1 


no 


'-Q 


r— 


iH 


aj 


h- 


<X) 


lU 


VO 

• 


00 

• 


VD 

• 


VO 

■ 


LT\ 

■ 


O 

• 



ro 

O 



ON 



VO 



,s 

t- 



VD 

VD 



ro 

r\l 

H 



1 








;>k 










a 


* 










* 






O rH 


or) 


u \ 


o\ 


VO 




fV3 


a\ 




^ Gi ft; 


ro 


a') 


a> 


UN 




IV” 


CH 




cJ a 


-t 




VX) 


VO 




-a 


liN 




O -H 


• 


• 


• 


• 




• 


• 


(Q 










1 








0 










o 






(H 


CQ 




1 






d 


1 


1 


O 


CQ 




1 1 


0 0 


1 




•r4 


gJ 


• 


0 


“H 


0 o 


0 rJ 


•H v! 


r> 4 


J5 


O Vj 


.9 


O 


■ Vj 




«1 H 


'■d o 


,o o 


H 


•H O 




O 


t3 


|5 


H rj 


nd ’i-l 


H 


J3 


rH *H 


o 


u 




rJ 


Ph > 


C 4> 


in p 


Xi1 


P4 P 


o 


fH 



0 a> 
o o 

j:] 5^1 
c5 t\3 

o o 

•H *H 

qn c|h 




•*.01 level of sign! 
*.05 level of signi: 



TABLE 20 



THE COMPONENTS OF REDUNDANCY IMSUKES FOR THE FIRST CANONICAL 
VECTOR OF THE PREDICTOR SET (STUDENT CHARACTERISTICS) FOR 
EACH OF THE SIX MTHEMATICS UNITS INDICATED 







IN 


THIS STUDY 






Unit 


Canonical R- 
R 


•Squared Variance 
X Extracted 


Redundancy 
X • Vp 


Proportion of 
Total Redundancy 


Numeration 


.L38** 


.192 


.129 


.024 


.585 


Place Value 


. i+86* 


.236 


.174 


.0^2 


.532 


Addition 


.689 


.476 


.135 


.o64 


.609 


Subtraction 


.696** 


• 431 


.116 


.050 


.561 


Multiplication 


.7^7^ 


.224 


.132 


.030 


.612 


Comb . of 
Processes 


.529 


.280 


.101 


.028 


.341 



**.01 level of significance 
*.05 level of significance 



TABLE 21 

THE COMPONENTS OF REDUNDANCY MEASURES FOR THE FIRST CANONICAL 
VECTOR OF THE CRITERION SET ■ (PJ^TE MEASURES) FOR THE SIX 
MATHEf4ATICS UNITS INDICATED IN THIS STUDY 



Canonical R- Squared. Variance Redundancy Proportion of 
R X Extracted Total Redundancy 

Unit ^ 



Numeration 


.^1,38 


.192 


..i30 


.004 


.494 


Place Value 


.486 


.236 


.409 


.096 


.70] 


Addition 


.689 


.476 


. 358 


.170 


-632 


Subtraction 


.656 


.431 


.4l6 


.179 


.765 


Multiplication 


.474 


.224 


. 347 


.078 


.619 


Comb . of 
Processes 


.529 


.280 


.29^ 


.083 


. 519 
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cet by the first CHrionicvil vector of tha 
canonical vector in the criterion set. 



t set is associated with the first 
It will be noted that these pro- 



portions, the redundancy, ani very small for all six units. However, the 
proportions in the last column, showiiig what proportion the redundancy for 
the first canonical vector is of the total red.undancy for all canonical 
vectors of the predictor set, indicate that in five of the six units the 
first canonical variate accounts for over fifty percent of the total 



associated variance. 

As an example, in interpreting 20 the first canonical R for 

the numeration unit is .^ 38 ^ which is significant at the .01 level, and 
X = .192 which means that 19 percent of t.h'.- vviriar-ce in the first canon- 
ical variate of the predictor set is predictfi.ble from the first canonical 
variate of the criterion set. The proportion of variance of the predictor' 
set extracted by the first canonical variate is .125. This value is ob- 
tained from the column sum of the squ;ared loadings (squared ctructure R) 



of variables within the predictor set on the first canonical variate 
divided by the number of variaDles. lliereiui-c., it indicates the vai'iance 
extracted by the first canonical factor for li'C- numeration, unit. The 
redundancy of the first c'tnonical vasiate of the- [/reaicLoi* set I'oi* the 
numeration unit is .IPt-. This value is (;v>taine(i by multiplying the X 
.‘;tnd the proportion of variance extracted by the f “ '-st canoniccol factor 
(columns 2 and 3 of T'IjIc 20) . Therefoi*e, it .a .ales the rimount ol re- 



dundant variance e.ttributed to the first canonic* 
set. The last co.liimn of 'I^djle 20 indies, tes llKtt, 



vari.ate of the predictor 
the numeration unit. 



59 percent of the total vari'cnce of the ]/redictor ’edicted by the 



variance in the criterion set is associa.tcd with the 
variate. This vfj-lue is obtained, ry dividing the I'edutida 
canonical factoi* (column 4 of Table 20 ) by the sum of ti 



nonical 



. ■^he first 

Ui.. ..it 
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variance of all the possible canonical factors--fom* in this case. The 
data presented in Tables 20 and 21 seem to indicate that the proportion 
of the redimdancy associated with the first canonical factor is quite 
consistent throughout the six sample groups (six units). In the predictor 
set, (ihhle 20 ) the proportion of the total redundancy associated with the 
first canonical variate is very similar except for the combination of pro- 
cesses unit. Although the components of the six units for the criterion 
set are not as consistent as the predictor set (lUble 2l), the differences 
are not great. Therefore, in general, it can be concluded that there is 
a relationship between the two domains of measures being studied, and thot 
the percentages of associated variance related to the first canonical R 
are quite similar for the six sample groups included in this study. 

The predictor vari<‘..bles selected for the research study are com- 
pared with the variables listed under the elements of Carroll’s^ con- 
ceptual model for the learning process. The result of this logical compar- 
ison is reported in Table 22. 

Opportunity is listed as one of the conditions of school learning. 
Carroll defines this element as the amount of time the pupil is allowed 
to have for learning. Since time allowed for each student in learning 
the tasks under the IPI om'riculum is whatever ^miounl of time he needs to 
reach the particular instructional, goal, the opportunity for learning is 
the same foi‘ evei-y student in the seTise tliat each student would have his 
own maximum opportunity. Iherefore, this variable would not contribute 
to the prediction of pupil ’ s learning performance, and, it was not included 
as a variable in this study. Porserve ranee is defined by Carroll as the 
amoxmt of time the pupil is willing to engage actively in learning 

•^Carroll, op. cit. 



o 
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TABLE 22 

COMPARISON BETWEEN THE ELEMENTS IN CARROLL’S MODEL FOR LEARNING 
AND THE PREDICTOR VARIABLES SELECTED FOR THIS STUDY 



Elements of Carroll’s Model 



1. Opportunity: The amount of 

time allowed for learning a 
task. 

2. Perseverance: The amount of 

time the learner is willing to 
devote to learning. 

j. Aptitude: The amount of time 

required by the learner to 
attain mastery of a task. 



il-. Ability to understand instruc- 
tion; Some combination of 
general intelligence and 
verbal ability. 

5. Quality of Instruction: The 

effectiveness of procedures em- 
ployed to communicate knowledge 
to the learner. 



Predictor Variables of this Stu 



1. Not included as a predictor 
variable in this study. 



2. Attention scores. 



3. Reading and mathematics achie 
ment scores, the total numbei 
of skills mastered during the 
previous school year. 

4. Verbal I.Q,, Non-verbal I.Q. 
and mental age. 



5. Scores obtained from the 
questionnaire. 



activities during the period that he ir. working to achieve the instruc- 
tional objective. For this study, Che percent of time that the pupil 
actually spent in learning the task was detci’mined by a sample of thre< 
separate 10-minute observations of each child while he was working in 
each of the selected units of mathematics. Ihe data of the present sti 
seemed to contradict the general hypothesis of a positive relationship 
between this variable and the criterion measures proposed. The result: 
of the multiple regression analysis and the canonical regression analy 
as shown in Tables 11 and I9 indicate that there is an inconsistency f; 
unit to unit in the degree of association between this predictor and t 
rate measures. This would seem to indicate that the pupil attention 
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variable may interact with the nature of the content and other aspects of 
the learning situation associated with a given unit in such a way as to 
involve a relatively complex relationship to rate. 

Ttie pupil's ability to understand instruction is defined by 
Carroll as involving some combination of general intelligence and verbal 
ability. For the present study^ verbal and non-verbal I.Q,. scores as 
well as the mental age of the pupil were used as predictors of pupil's 
learning rate and may be interpreted as representing indices of ability 
to understand instruction. These variables also did not make any con- 
sistent contribution to the rate measures. This nuy be explained by the 
different type of skil-ls required by each unit of the mathematics curricu- 
lum. The complexity of the skills involved, the amour u of abstract think- 
ing required by the type of task to be learned as well as the materials 
and methods used in presenting the learning task to che pupil could have 
been a factor in causing the inconsistent results. However, the incon- 
sistencies in the structure R's as shown in Tables 11 and 19 for the same 
unit when different rate measures are being predicted makes it inadvisable 
to generalize as to what the specific nature of these differences may be. 

Quality of instruction is another element included in Carroll s 
model. This includes such variables as the effectiveness of the procedures 
employed to communicate knowledge by teachers, textbooks, workbooks, labora 
tory exercises, programmed instructional materials and so forth. For the 
present study, a questionnaire was constructed for this purpose. The 
answers provide some indication of pupils * perceptions of the quality of 
the instructional material and the nature of the learning task. Again, 
an inconsistent result was obtained. This may be explained by the dif- 
ferent needs of the pupils. It may also be related to the relatively 
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incomplete nature of the data provided hy these questions in providing 
any type of fully valid measure of quality of instruction. 

The element of aptitude is defined hy Carroll as the amount of 
time the pupil requires to learn the specific task. In this study, 
measures of time required enter into both the predictor and criterion 
measures. That is, the number of units completed last year (one year 
being the "time required" to master that number of units) is one of the 
predictors while the four rate measures, which all indicate "time required, " 
are elements of the criterion. Time required, as measured by number of 
units completed last year, was taken as an indication of aptitude for 
learning, together with such more conventionrl measures of aptitude as 
intelligence and past achievement in reading and mathematics. Again, 
these measures showed no consistent pattern in their relationship to rate. 

As has been discussed above, the predictor measures showed no 
consistent correlation with rate of learning over various learning tasks 
—units of IPI mathematics. This lack of consistency seems to support 
Carroll* s conclusion that rate of learning is specific to the task to 
be learned. 




CMPTER V 



SUMMARY, CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER STUDY 



This study has been concerned with the problem of measuring rate 
of learning in individualized instructional situations, and has investi- 
gated the relationship between rate and a number of other variables. 

Some indication of the complex nature of measures of learning rate in 
school classrooms was suggested bj^ Yeager,^ and this study has endeavored 



to increase understanding of the concept of rate of learning by exploring 
the relationships siiggested by his work. The study may also be viewed as 
an attempt to investigate the variables influencing learning suggested by 
Carroll^ and Bloom. 3 

As measures of rate of learning, this study has employed four 

different measures: (l) Rate2_ = ^^9 “ 

days spent on the imit 

/pN oo+p s= number of pages worked /o) Rateo = skills learned ^ 

2 days spent on the unit^ ^ days spent on the imit 

and (k) Rate^ = total number of skills tne pupil has worked between 
September 1967 and January I968. These rate measures have been investi- 
gated singly and in combination. 



^John L. Yeager, "Measures of Learning Rates for Elementary School 
Students in Mathematics and Reading Under a Program of Individually Pre- 
scribed Instruction" (unpublished doctoral dissertation. University of 
Pittsburgh, 1^6) . 

^John B. Carroll, "A Model of School Learning," Teachers College 
Record , 64:723-732, 1963- 

S. Bloom, "Mastery Learning for all" (invited address presented 
at the American Educational Research Association Annual Meeting, February 

7-xO, 1968). 
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As variables that should have an influence on rate^ or that should 
be related to rate, it has investigated certain measures of the pupil’s 
scholastic aptitude, academic achievement, and certain classroom perfor- 
mance characteristics that past work had shown to be related to learnirig. 
Nine measures we?’e used in this study. They are; (l) verbal I.Q., (2) 
non-verbal I.Q., (3) mental age, (4) mathematics achievement score, (5) 
reading achievement score, (6) total number of skills worked during the 
previous school year, (j) attention score, (8) question2_^ student’s re- 
action to the difficulty level of the work, and (9) question^^ student’s 
reaction to the type of learning material used. 

Summary 

The results of this study can be summarized in terms of four major 
types of analysis. 

1. As a first step in investigating the relationship between 
rate of learning and the selected predictors, Pearson product-moment 
correlations were computed between each individual xJ^^sdictor and each 
individual rate measure for six E-level units of the IPI mathematics cur*- 
riculum. Few of these correlation coefficients were statistically signifi- 
cant and even these were quite small in absolui^e value, the largest corre- 
lation coefficient being .412. Fui hemore, the size of these coefficients 
was not at all consistent from unit to unit. This indicated that any 
single predictor would be of little use in predicting any one of the rate 

measures . 

2. On the assumption that one reason for the lack of correlation 
between the rate measures and the predictors was the limitation in lack oi 
comprehensiveness in any single rate measure, the next logical step in in- 
vestigating this relationship was to use a combination of the four rate 



measures in a multiple correlation analysis to determine the i*elationshif* 



between the rate measures and each of the predictors. The multiple correla- 
tion coefficient between each predictor and linear function of the four 
rate measures was determined for each of the selected E-level mathematics 
units. Although such multiple R^s were, rather naturally, .larger than the 
correlation coefficients between a single rate measure and any given jjre- 
dictor, few of them were significant. This indicated that lack of compre- 
hensiveness in the rate measures was not a major cause of the poor predict- 



ability of rate. 

3. Since the foregoing analysis showed that any single predictor 
did not have a substantial relationship with rate cf learning, a study 
was made of the effectiveness of using a composite predictor. TIrds was 
carried out by determining the multiple correlation and the multiple re- 
gression equation for each rate measure and the nine predictors for each 
E-level mathematics unit selected for this study. The multiple correla.- 
tion and regression analysis showed that in several instances prediction 
could be improved substantially through this procedure. 

However, the partial regression coefficients pi'oduced by the mulii- 
ple regression analysis showed an apparent inconsistent pattern in tne 
relative contribution of the predictors. The contributions made by ihc 



predictors to rate of learning differ from unit to unit, suggesting thnl 



the relative importance of the various predictors 



is a function of the 



specific unit or topic being studied, 

k. Since the results of the foregoing multiple correlation an<i 



multix)le regression analyses indicated that the relationship between the 
two sets of variables being studied was inconsistent over different rate 
measures, this suggested the desirability of studying this relationshii* 
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with h composite of the predictors and a composite of rate measures. This 
WES Investigated through a canonical correlation analysis. This analysis 
yielded more consistent results in terms of the ' 'atlonship hetween the 
two domains as indicated hy the first canonical E. These first canonical 
correlation coefficleuts for the six E-level mathematics units were, .^38, 
. 486 , .689, .656, .473, and .529- Hiese results suggest that there is 
some type of substantial relationship between the rate domain and the domain 

of variaiblss represGrited by "the nine predictors* 

Looking at the canonical weights and the structure R's, the data 
suggest that the relative contribution made by the predictors to the canon- 
ical correlation is not consistent from unit to unit, even though the re- 
lationship between the composite of the rate measures and the composite 
of the predictors seemed to be substantial for all units. This finding 
tends to substantiate the conclusion suggested by the results of the 
multiple correlation analysis that the relative Importance of the predictor 
variables is a function of the specific unit or topic being studied. 

Conclusions and Recommendations for Further Study 

The analysis of the data of this study have yielded no clear cut 
answers concerning the most satisfactory measures of rate of learning in 
Individually Prescribed Instruction classrooms or concerning the nature 
of the relationship between rate and other student characteristics. As a 
result, its major contribution may be as a warning against making the too 
easy assumption that such simple measures as number of units or number of 
skills completed per unit of time are a valid measui-e of the learning rate 
of a pupil. Evidence presented here also indicates that currently there 
is no valid way (such as by using measures of past rate, of past achieve- 
ment, of academic aptitude, of attention in the classroom, etc.) of 
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predicting how quickly a student will work through a unit of instruction 
in IPI. Much more work needs to he done before such predictions will be 
possible or before it will be feasible to group students in terms of how 
fast they can be expected to move through a \mit, Ihe most promising pre- 
diction variable revealed by the data of this study seemed to be previous 
rate as measured by number of skills mastered last year. Although the 
predictive value of this variable in the present study was not large^ its 
general contribution was such as to indicate that it may be the most prom- 
ising variable in further investigations of rate. 

In the writer *s Judgment it is unlikely that the kind of predic- 
tion of rate attempted here can be made more effective by adding additional 
measui'es of student characteristics. The predictors used in this study 
appear to be quite comprehensive in covering those characteristics which 
past research and current theoiy suggest should be the determiners of 
rate. The exception to this wo-uld be background data gained from a devel- 
opmental history of the child. These kinds of data have not been investi- 
gated directly in this study. 

It is recognized that the child's family and social environment 
as well as his childhood experiences will influence his physical and 
emotional development. Therefore, research studies which examine the 
family and social factors in the learner's developmental history may re- 
veal some information about the characteristics of the learner that are 
not accounted for by the predictors included in this study. Consequently, 
some additional information which could be helpful in the prediction of a 
pupil's rate of learning might be gained by investigating these earlier 
developmental stages of the child. For instance, a study of the dependency 
relationship between the pupil and his parents might contribute to our 
understanding of the relationship between rate and the emotional and 

o 

ERIC 



social development oi* the child, since his early interaction with his 
parents contributes to the self-confidence and self-concept he now has. 
Since IPI is an instructional program that requires a great deal of inde- 
pendent work in the part of the pupil, his dependency relationship with 
his parents might have some influence on how fast he learns under the IPI 
program. Of course, the study of the predictive value of such data would 
also have to include the investigation of the extent to which they reveal 
themselves in measures already used in this study such as intelligence, 
achievement, and attention. 

The writer also doubts the fruitfulness of further extended work 
in the attempt to develop a more refined measure of rate of learning. 

It would seem that the four measures used in this study, either singly or 
in some combination, should provide a valid and reliable measure of rate. 
If these measures are inconsistent over different units in terms of the- 
relative rate of a student, which may be one inference to be made from 
the data of this study, it would seem that reasons should be sought other 
than a lack of reliability in the .measures themselves. 

With respect to this problem, it might be worthwhile to explore 
the influence of any variablity in level of mastery achieved while work- 
ing at a given rate. That is, although the IPI procedure requires thal a 
pupil achieve "mastery" of a given objective before moving on to another, 
this criterion of mastery involves any score between 85 and 100 percent. 
Although this provides for only minor variability in level of achievement 
it may be enlightening to take this measure into account by using a crite 
rion measure which associates the pupil's rate with his achievement. 
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Because of "the involved nature of tho relationships among rate 
measures and "between these rate measures and various predictors^ it should 
also be interesting to study the relationships of these variables to some 
relatively pure measure of rate of pupil learning, lor exampae^ one might 
obtain a measure of time recjuired for mastery of simple verbal learning 
t isks for a sample of IPI students . A study of the relationship oi this 
variable, both to IPI rate measures and to the predictors used here could 
be enlightening with respect to our understanding of the nature of both 
sets of variables. 

The fluctuation of the relative importance of the predictors from 
unit to unit suggests that Carroll"^ may be correct in stating that learn- 
ing rate is not a general characteristic of a student but is specific to 
the learning task. Therefore, before any consistent relationship between 
the rate measures and the predictors can be established, a careful study 
of the characteristic nature of the task to be learned should be carried 
out. A logical extension of this study would be to further examine the 
nature of the learning objectives and the types of skills to be learned 
within each of the units of the IPI curriciilum, so that relationship 
between pupil* s rate of learning and the tasks to be learned can 

be specified. In this connection it mig"*!! be useiul to ex'imine the i. ela- 
tioiishix) among several successive units on the same topic (such as B 
Addition, C Addition, D Addition, and E Addition) in terms of any consis- 
tencies in values of given predictors. This suggestion is based on the 
assumption that such units, dealing with the same basic topic, would be 
similar in types of skills involved. 

^Carroll, op. cit . 
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It also recognized that within the specific research situation of 
this study, the extent to which various student variables are related to 
rate of learning may be Influenced by the effectiveness of the instructional 
system. It is possible that one reason for a lack of higher correlation 
in the present study is the fact that the IPI system is not operating in 
a manner which permits each student to progress at a rate in keeping with 
his real aptitude. This is a problem of being able to provide for those 
conditions under which maximal learning can take place. 

With respect to this point of view, Carroll has suggested in his 
model that the effectiveness of instruction is a determiner of rate. In 
other words, the pupil *s learning rate will vary depending upon the nature 
and the quality of instruction provided for him. Further refinement of 
the system leading to optimal conditions for learning for each pupil under 
the IPI program might provide a more controlled settiiig for investigating 
the nature of the relationship between the selected predictor variables 
and pupil’s rate of learning in school situations. 

In this respect, the results of this study also may support the 
logic behind this additional factor in Carroll’s conceptual learning 
model for the learning process. Further study of his model in actual 
classroom learning situations may have to await the development of instruc- 
tional programs tiiac are known to be effective and efficient or at least 
the development of a proccaure for assessing the effectiveness of such 



prograiiis . 



APPENDIX: ME* 'IS AND STANDARD DEVIATIONS FOR THE PREDICTOR AND CRITERION VARIABLES 
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